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The field of associative learning research explores how associations are formed 
between cues and outcomes.  In particular, associative learning theorists seek to 
understand what factors make certain cues better predictors of an outcome than 
other cues, and how the predictive value of cues can change in response to 
various factors.  Although there is a wealth of associative learning literature, an 
apparent contradiction between the results of causality judgement experiments 
with humans and flavour-conditioning experiments with rats continues to prevail.  
Demonstrations of backward blocking in human causality judgement experiments 
suggest that remembered stimuli undergo a reduction in association with the 
unconditioned stimulus (US; or its equivalent) present during learning.   
Conversely, demonstrations of mediated conditioning in flavour conditioning 
experiments with rats suggest that remembered stimuli undergo an increase in 
association with the US present during learning.  Experiment 1 demonstrated 
simultaneous backward blocking and mediated conditioning effects in the same 
species (humans) and in the same stimulus compound with 23 undergraduate 
participants.  Experiment 2 partially replicated the findings of Experiment 1 and 
investigated the neural correlates underlying these two associative learning 
phenomena using functional magnetic resonance imaging (fMRI) in 14 
undergraduate participants.  The results from Experiment 2 suggest that both 
retrospective revaluation and mediated conditioning may be processed in some 
of the same regions of the brain. 
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1.                General Introduction to Associative Learning 
 
The field of associative learning research is interested in explaining 
how associations are formed between cues and outcomes.  For example, how 
babies learn their own names, or how people can tell when a fruit is ripe by its 
colour.  In particular, associative learning theorists seek to understand what 
factors make certain cues better predictors of an outcome than other cues, and 
how the predictive value of cues can change in response to various factors.   
The history of associative learning can be traced back to ancient 
Greece.  In De Memoria et Reminiscentia (c. 350 B.C./1906) Aristotle proposed 
an account of how one thought could lead to another (essentially, how thoughts 
could become associated) when they were similar, or contiguous in time.  
Aristotle further suggested that repetition and reinforcement strengthened these 
associations, and emphasized the role of early experience, practice, and of life 
itself on the formation of these associations.  Arguably, Aristotle was one of the 
earliest associative learning theorists, highlighting some of the factors which 
govern the formation of associations in more modern learning theories.   
Turning to associative learning in more recent times, the Russian 
physiologist Ivan Pavlov (1927) suggested that a neutral stimulus that reliably 
preceded an event of motivational significance – an unconditioned stimulus (US) 
– could itself acquire the ability to generate responses similar to those elicited by 
the US.  Based on his experimental work, Pavlov believed that an association 
between the previously neutral stimulus (now a conditioned stimulus, or CS) and 
 
 Neuroimaging of Associative Learning 2
the US was formed in the cortex during conditioning, with the CS becoming a 
substitute for the US. 
Later researchers in this field have postulated theories which 
attempt to explain and predict how such learning occurs in a more quantitative 
way.  According to these associative learning theories, stimulus representations 
can become linked (or associated), so that the activation of one can affect those 
associated with it.  Changes in these associations are held to be the basis of 
learning, with the exact rules governing the associative changes differing from 
one theory to another.  
For instance, Konorski (1948) described animal learning using a 
mathematical model in which he proposed that the change in associative 
strength between signal (CS) and reinforcer (US) stimuli depended upon the 
product of the activity of the node that represented the signal, and the rate of 
change of activity in the node that represented the reinforcer.  In addition, 
Konorski suggested that associations could also weaken, and that this would 
occur whenever there was activity in the signal node and a decreasing level of 
activity in the reinforcer node.  Konorski’s rule was capable of predicting many 
phenomena that have emerged during the last fifty years of animal learning 
research that have followed.  Furthermore, because it relied on a mathematical 
model, Konorski’s rule made it possible to quantitatively generate and test 
predictions based on the rule.  However, Kornorski’s work was not as widely 
appreciated as a theory that was advanced by Donald Hebb the following year. 
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The theory put forth by Hebb (1949) (the Hebbian rule, as it has 
come to be known) stated that the strength of the association between stimulus 
representations would increase whenever they were simultaneously active (that 
is, the stimuli are presented simultaneously).  If the stimulus representations 
were not activated concurrently, there would be no change in the strength of the 
association between them.  In contrast with Konorski (1948), the Hebbian rule did 
not describe a way that allowed the associations between stimulus 
representations to decrease – a shortcoming which rendered the Hebbian rule 
too simplistic to account for current findings in the associative learning literature. 
  Some time later, Rescorla and Wagner (1972) suggested that the 
development of CS-US associations depended upon the salience of the CS, and 
the extent to which the US was predicted by any other stimuli that were present 
during the learning episode.  In addition, their learning rule suggested that 
provided the US remained a surprising event, a CS-US association would 
continue to strengthen until (as depicted in a mathematical model) the US was 
fully predicted by all the CSs present on the learning trial.   
The Rescorla and Wagner (1972) model proved very successful in 
explaining a range of phenomena from the animal learning (for review see Miller, 
Barnet, & Grahame, 1995) and human associative learning literature (e.g. Kamin, 
1968).  However, the Rescorla and Wagner (1972) model was not without its 
share of issues.  For example, in Mackintosh (1975), after rats had learned that 
stimulus B was a predictor of a shock, a single presentation of the compound 
stimulus AB was paired with the shock.  Stimulus A acquired a significant (albeit 
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small) amount of associative strength.  In other words, although the shock was 
already fully predicted by stimulus B, this (fully predicted) shock US still served 
as an effective reinforcer for the first presentation of the added CS (A).   Such 
findings were contrary to the predictions of the Rescorla and Wagner (1972) 
model, and could not be explained by the model as it stood. 
As an extension of the Rescorla & Wagner (1972) learning rule, the 
“sometimes opponent processing” (SOP) model (Wagner, 1981) held stimulus 
representations to be a set of elements which could be activated: directly into the 
“A1” state (via physical presentation of the stimulus), or indirectly into the “A2” 
state (via association with a presented stimulus). The A1 state was conceived as 
a short-term representational store from which stimulus representations would 
quickly decay into a second short-term representational store – the “A2” state 
(which had a substantially larger capacity than that of A1).  In addition, because 
the A1 state was of limited capacity, representations of subsequently presented 
stimuli would randomly replace any elements currently in the A1 state and send 
them into the A2 state.  Finally, after a further delay, stimuli represented in the A2 
state would decay into the inactive long-term memory store – the “I” state. 
Wagner (1981) further proposed specific learning rules to govern 
the formation of associations between activated stimulus representations - if two 
stimuli were activated into A1 states then an excitatory association would form 
between them; if one was in the A1 state and the other was in the A2 state then 
an inhibitory association would develop from the former to the latter; and if a 
stimulus was in the inactive “I” state then there would be no change in its 
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associations (see Figure 1).  The action of inhibitory associations was assumed 
to oppose the effect of excitatory associations but would not result in A2 activity.   
 
Figure 1.  A summary of the Wagner’s (1981) SOP model.  Depending on the activation 
states (A1 or A2) of the CS (conditioned stimuli; left columns) and the US (unconditioned 
stimuli; right columns), learning may be excitatory (               ) or inhibitory (               ). 
 






Thus, during the course of CS-US presentations, learning would 
occur because simultaneous A1-A1 representations would result in the formation 
of an excitatory CS-US association. As the strength of the CS-US association 
increased, CS presentation would progressively activate (via the excitatory CS-
US association) more and more elements of the US representation into the A2 
state. This would result first in an inhibitory CS-US associative change upon 
presentation of the CS, followed immediately by an excitatory associative CS-US 
change when the US was physically presented.  The net changes in CS-US 
associations would eventually plateau when these A1-A2 induced inhibitory and 
A1-A1 induced excitatory changes in association reached equilibrium.  This stood 
in contrast to the Rescorla and Wagner (1972) rule, in which a single association 
between two stimulus representations could only be either excitatory or inhibitory.  
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which were presented and those which were associatively activated, and helped 
to resolve issues regarding the temporal order of cues involved in conditioning 
(e.g. Pavlov, 1927).  Wagner’s (1981) SOP model could also explain findings 
which were problematic for the Rescorla and Wagner (1972) model (e.g. 
Mackintosh, 1975) because the SOP model made allowance for changes to the 
salience of the presented CS.  However, according to the SOP model, neither 
excitatory nor inhibitory associations could form between stimulus 
representations that were in the A2 state at the same time. 
The following section of this paper will continue to trace the 
development of revisions to Wagner’s (1981) SOP model in an attempt to 
accommodate new research findings.  In so doing, this paper will discuss the 
current state of the associative learning literature.  
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2.                Associations with Remembered Stimuli:  
Retrospective Revaluation and Mediated Conditioning 
 
While Wagner’s (1981) SOP model proved successful at predicting 
many observed learning phenomena, a series of flavour-conditioning 
experiments in rats soon suggested the need for revision of the SOP model.  The 
phenomenon demonstrated in these experiments became known as “mediated 
conditioning”, for which Peter Holland received much recognition.  
In Experiment 1, Holland (1981) showed that when a tone was 
presented in serial compound with a flavoured food (that is, the tone directly 
preceded presentation of the food) and subsequently presented in serial 
compound with LiCl (lithium chloride; a substance which induces nausea) 
injection, rats acquired an aversion to the food.  It was as if the memory of the 
food, even though not directly associated with the LiCl, had formed an 
association with the LiCl-induced nausea.  That is, “mediated conditioning” had 
occurred. In Experiment 2 (Holland, 1981), tone and light CSs were paired with 
the presentation of pellets and sucrose solution respectively, and later tone 
(Group P) or light (Group S) was followed by LiCl injection. As in Experiment 1, 
rats showed an aversion to the appetitive US but specifically, Group P showed 
an aversion only to the pellets while Group S showed an aversion only to 
sucrose. The specificity of these aversions suggested that the pellets or sucrose 
(despite no explicit pairings with LiCl) acquired an association with nausea by 
virtue of their evoked (A2) representation during pairing of the respective CS with 
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LiCl. To account for these findings, Holland (1981; see also Holland, 1983) 
proposed a revision to SOP such that an excitatory association would form 
between an associatively activated (i.e., A2) representation of food and the 
actual (i.e., A1) presentation of the unpleasant effects of LiCl injection.  In a later 
study (see Holland and Forbes, 1982), following tone-food and then tone-LiCl 
pairings, rats showed an aversion to food.  Subsequent exposure to the tone 
alone after the conditioning resulted in the rats’ aversion to the food becoming 
reduced.  Thus it was further proposed that if both stimuli were in A2 states (i.e., 
food and LiCl representations associatively activated via presentation of the 
tone), an inhibitory association would develop between them (Holland, 1983). 
Shortly after Holland’s (1981) experiments, a number of other 
studies with human participants (e.g. Shanks, 1985; Chapman, 1991; Tassoni, 
1995; and Dickinson & Burke, 1996) would demonstrate that Holland’s (1983) 
proposed extensions to SOP were seemingly incompatible with the observed 
pattern of results.  The results from these later studies showed that humans 
could re-evaluate their causality judgements about an absent stimulus in the light 
of new experience with other previously-associated stimuli.  For example, 
Dickinson and Burke (1996) used a scenario in which humans played the role of 
an allergist asked to judge the likelihood that foods (cues) produced an allergic 
reaction (outcome).  In Phase 1, subjects learned that compound foods AB and 
CD caused an allergic reaction.  In Phase 2, subjects learned that Food A alone 
resulted in the allergic reaction whereas Food C alone did not (i.e. AB+A+; 
CD+C-).  In the final test phase subjects rated Food B as being less likely to 
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cause the allergic reaction than Food D.  Dickinson and Burke (1996) then went 
on to show that within-compound food associations were responsible for this so-
called “retrospective revaluation” effect.  Specifically, in Group Consistent each 
competing cue (e.g. Food A or C) was paired with the same target cue 
throughout (e.g. AB, AB, CD, CD), whereas in Group Varied each competing cue 
was presented with different target cues (e.g. AB, CB, CD, AD).  In Group 
Consistent associations would be expected to form between Food A and Food B, 
and between Food C and Food D, but in Group Varied there would be little 
opportunity for such associations to persist (following repeated conditioning and 
extinction).  Following Stage 2, when Food A was paired with “Allergic Reaction” 
and Food C was paired with “No Allergic Reaction”, Group Consistent rated that 
Food B was less likely to cause allergic reaction than Food D – no such 
difference was observed between the ratings for Food B and Food D in Group 
Varied.  Dickinson and Burke (1996) claimed that excitatory within-compound 
associations, formed between paired foods in Stage 1, mediated the 
retrospective revaluation of absent but associated food cues in Stage 2.  Based 
on their experimental evidence in humans, Dickinson and Burke (1996) therefore 
proposed alternative modifications to Wagner’s (1981) model - inhibitory 
associations would form between A1-activated CS representations and A2-
activated US representations; excitatory associations would form between 
simultaneously activated A2 representations. 
It emerges then that Holland (1983) and Dickinson and Burke 
(1996) make diametrically opposed predictions (see Figure 2 for summary of the 
 
 Neuroimaging of Associative Learning 10
differences).  On the one hand, Holland (1983) proposed the formation of 
excitatory associations between A1 and A2 stimulus representations, and the 
formation of inhibitory associations between A2 and A2 stimulus representations. 
On the other hand, Dickinson and Burke (1996) proposed the formation of 
inhibitory associations between A1 and A2 stimulus representations, and the 
formation of excitatory associations between two stimulus representations in the 
same state (both in A1 or both in A2).  
Figure 2.  A summary of the predictions of Holland (1983) and Dickinson and Burke (1996).  
Learning may be excitatory (        ) or inhibitory (              ), depending on the activations states 
(A1 or A2) of the CS (conditioned stimuli; left columns) and the US (unconditioned stimuli; right 
columns).  The key differences are in bold. 






The conundrum is that evidence exists to support each of these 
proposals, but when taken together it would seem that these proposed 
modifications can not both be correct.  Given the situation, both proposals must 
be lacking in some regard as they can not account for both sets of extant 
empirical findings.  Various researchers (e.g. Dwyer; 1999, 2003, Shevill & Hall; 
2004) have also commented on the incompatibility of the modifications made by 
the two proposals, and a number of studies have been conducted to try to 





CS CS US 
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While evidence in support of Holland’s (1983) and Dickinson and 
Burke’s (1996) proposed modifications to the SOP model exists in the literature, 
the results from individual studies tend to support either one set of modifications 
or the other.  Demonstrations of mediated conditioning have mostly involved 
animal subjects, while retrospective revaluation has primarily been reported in 
experiments with human participants, although exceptions do exist, as will be 
discussed below.   
    Mediated conditioning has been demonstrated in human 
participants on occasion; for instance in a study by Hall, Mitchell, Graham and 
Lavis (2003).  In this study, participants first learned to associate shape stimuli 
with a colour or a nonsense word.  After this, the participants learned to 
associate the same shapes with a specific response key (left or right).  The test 
phase assessed whether the colour or word was associated with the same 
response key, or the opposing response key.  Assuming the colour or word was 
associated with the same response key, this could be interpreted as evidence of 
mediated conditioning (the shape mediating the association between colour or 
word and the response key; analogous to the tone mediating the association 
between food and LiCl-induced illness in rats).  Across four experiments, this 
study demonstrated that performance in the test phase was better when the test 
required the same response (i.e. the same response key) as the preceding 
phases than when the test required a different response.  Although the study 
used a somewhat different conditioning paradigm, the results obtained suggested 
that mediated conditioning effects could be elicited in human participants.  
 
 Neuroimaging of Associative Learning 12
Likewise, retrospective revaluation has sometimes been reported in 
animal studies.  For example, in Dwyer’s (2003) report on a series of previously 
conducted (see Dwyer, 1999 and Dwyer, 2001) experiments, rats were allowed 
to consume an almond-flavoured solution in Context 1 and were exposed to a 
peppermint-flavoured solution paired with a reinforcer in Context 2.  
Subsequently, the rats were either exposed to the reinforcer in Context 1 
(mimicking the mediated conditioning procedure used by Holland) or to the 
peppermint solution in Context 2 (akin to the CD+C- condition in Dickinson and 
Burke’s study).  In the test phase, the amount of almond-flavoured solution 
consumed in a novel context was measured.  Depending on the reinforcer used 
(LiCl or quinine), Dwyer (2003) was able to obtain results comparable to Holland 
(that is, rats exposed to the reinforcer in Context 1 later showed reduced 
consumption of almond) or to Dickinson and Burke (in this case, rats exposed to 
the peppermint-flavoured solution in Context 1 subsequently showed an aversion 
to almond).  Intriguingly, in a third experiment, a LiCl reinforcer administered 
before the experimental sessions resulted in an aversion to almond in both 
groups.  Based on the results of these experiments, Dwyer (2003) concluded that 
the importance of any practical differences between various conditioning 
procedures should not be overlooked, and could help to account for the variety of 
findings in the literature. 
This conclusion was underscored by Shevill and Hall (2004), who 
explored retrospective revaluation in rats using a conditioned suppression 
paradigm.  In their first 3 experiments, rats were exposed to a compound 
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stimulus AX, which was followed by a shock reinforcer.  Non-reinforced trials 
consisting of stimulus A alone followed.  Based on previous studies involving the 
conditioned suppression procedure, Shevill and Hall (2004) expected the rats to 
show increased responding to subsequent presentations of stimulus X alone.  
This would constitute a replication of the CD+C- condition in the Dickinson and 
Burke (1996) study.  However, exposure to stimulus X alone following AX-
reinforced and then A-non-reinforced trials resulted in the rats showing 
decreased responding, along the lines of Holland’s (1983) finding of mediated 
conditioning (mediated extinction, in this case).  In a fourth experiment, the 
conditioning procedure was altered such that a serial presentation of stimulus A 
followed by X preceded the shock reinforcer.  In this latter experiment, following 
non-reinforced trials of stimulus A alone, rats showed increased responding to 
presentation of stimulus X alone, analogous to the CD+C- condition in the 
Dickinson and Burke (1996) study.  Shevill and Hall (2004) argued that two 
separate processes were at work to determine whether retrospective revaluation 
or mediated conditioning effects would emerge in any experiment.  They 
contended that the specific results of an experiment depended upon the relative 
strength of these two processes – whether retrospective revaluation or mediated 
conditioning effects would emerge depended upon which process was more 
effective.  The effectiveness of the two processes was argued to in turn depend 
on a number of underlying factors.  However, Shevill and Hall (2004) did not 
discuss in great detail what these factors might be; only to state that they would 
likely differ according to the specific training procedure used. 
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Based on the work reported above by Dwyer (2003), as well as 
Shevill and Hall (2004), one factor which might have an influence on whether 
retrospective revaluation or mediated conditioning emerges is suggested – 
procedural differences in the various experiments.  However, neither paper 
makes any assertions as to the specifics of these differences, with the result that 
the discussion is intriguing but not terribly illuminating.  Further research needs to 
be conducted in order to clarify what procedural factors might influence whether 
retrospective revaluation or mediated conditioning emerges in any given 
experiment.  Other work has raised a second possible factor influencing whether 
retrospective revaluation or mediated conditioning is found, as will be discussed 
below.  
In a recent study, Balleine, Espinet, and Gonzales (2005) allowed 
thirsty rats access to a compound flavour AB in sucrose solution (AB+) before 
exposing them to Flavour A (alone) either in sucrose (A+) or in water (A-).  Rats 
in the AB+ A+ condition consumed more of Flavour B than rats in the AB+ A- 
condition (i.e., mediated conditioning was found).  However, if alternating pre-
exposure to Flavour A and Flavour B was given prior to AB+ training, rats in the 
AB+ A+ condition instead drank less of Flavour B than rats in the AB+ A- 
condition (i.e., backward blocking was found).  Alternating pre-exposure of two 
stimuli tends to enhance the discriminability of these stimuli – a phenomenon 
known as “perceptual learning” (e.g. McLaren, Kaye, & Mackintosh, 1989).  
Consistent with this interpretation, Balleine et al. (2005) also argued that previous 
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failures to observe backward blocking in rats may have been due to poor 
discrimination between cues A and B. 
Indeed, Liljeholm and Balleine (2006) demonstrated how stimulus 
salience might affect conditioning.  Using key lights (a) and white noise (A) 
stimuli, they used compound conditioning (Aa+) to establish appetitive 
responding in rats.  Their first experiment showed that the white noise stimulus 
was a more salient cue than the key lights; that is, the rats showed greater 
responding to the white noise stimulus than the key lights stimulus.  Their 
subsequent experiments showed that, following compound conditioning, 
unreinforced presentation of the more salient stimulus (A-) was more likely to 
result in retrospective revaluation than unreinforced presentation of the less 
salient stimulus (a-).  Specifically, presentation of A- resulted in increased 
responding to a on test (unovershadowing), whereas presentation of a+ tended 
to result in mediated conditioning with A on test (that is, a+ presentations resulted 
in increased responding to A).  However, this mediated conditioning finding failed 
to reach significance, and was not replicated. 
This second set of studies reviewed suggests a different possibility 
– that the discriminability of the cues used in an experiment play a role in 
determining whether retrospective revaluation or mediated conditioning effects 
are found.  Specifically, these studies suggest that poor discrimination between 
stimuli used in a compound cue tends to result in mediated conditioning, whereas 
good discrimination between stimuli in a compound cue tends to favour 
retrospective revaluation.  
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  It seems clear that the opposing predictions emerging from 
Holland’s (1983) and Dickinson and Burke’s (1996) proposed modifications to the 
SOP model have yet to be definitively resolved.  A number of studies have 
investigated how and under what experimental procedures and cues properties 
retrospective revaluation and mediated conditioning effects arise, but no strong 
consensus has yet emerged. 
However, given the discussion above, one promising avenue for 
investigation is that differences in experimental procedures and/or the salience of 
stimuli used as cues could affect whether retrospective revaluation or mediated 
conditioning emerges.  Although the preceding literature review (particularly 
Dwyer, 2003; and Hall, Mitchell, Graham and Lavis, 2003) would seem to 
discount the possibility that intrinsic differences in learning between humans and 
animals could be the cause of the conflicting findings in the literature, it cannot be 
ignored that the different paradigms used by the various experiments could have 
contributed to the divergent findings.   
Specifically, in rats, physical stimuli are used as both cues and 
outcomes; in Holland’s experiments (1981; 1983), food, sound and the LiCl-
induced illness were real cues and real outcomes.  Studies involving human 
participants, on the other hand, generally use word or picture stimuli to represent 
cues as well as outcomes.  For instance, the Dickinson and Burke (1996) 
paradigm used food names as predictive cues of the occurrence of an allergic 
reaction – both cues and outcomes were abstract stimuli.  It seems likely that 
simply being told that consumption of a particular food causes nausea is one 
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thing, and that actually eating said food and becoming physically ill is another 
experience altogether.  Arguably, this distinction between real and abstract cues 
and outcomes plays an important role in the learning experience, and this 
difference might account for the opposing findings.   
Although at least one series of experiments (Dwyer, 1999; Dwyer, 
2001; and Dwyer, 2003) has demonstrated both retrospective revaluation and 
mediated conditioning in rats (albeit in separate experiments using very similar 
paradigms), and both effects have been reported separately in human 
participants, retrospective revaluation and mediated conditioning have yet to be 
reported simultaneously in human participants1.  Thus, the first aim of this paper 
will be to attempt to demonstrate both retrospective revaluation and mediated 
conditioning effects in human participants, in the same experiment and within the 
same stimulus compound.  The results of this experiment are reported below, as 
Experiment 1. 
Assuming Experiment 1 can demonstrate both retrospective 
revaluation and mediated conditioning in the same species and in the same 
experiment, this would raise the question of what other differences could cause 
the opposing findings.  This paper will investigate the possibility that retrospective 
revaluation and mediated conditioning might arise as a result of separate and 
distinct learning processes.  Hence, retrospective revaluation and mediated 
conditioning might involve different neural substrates.  If this were shown to be 
                                                 
1 Since work began on this paper, it has come to the author’s attention that Liljeholm and Balleine (in 
press) have conducted work relevant to this issue.  In this study, Liljeholm and Balleine (in press) reported 
both retrospective revaluation as well as mediated conditioning (mediated extinction) with human 
participants, but in separate groups of participants. 
 
 Neuroimaging of Associative Learning 18
the case, then it would not be necessary to reconcile the differences between the 
two since the implication would be that retrospective revaluation and mediated 
conditioning are distinct learning processes.  To this end, Experiment 2 was 
aimed at extending the findings of Experiment 1 by replicating the study while 
using functional magnetic resonance imaging (fMRI) to investigate the neural 
correlates of retrospective revaluation and mediated conditioning. 
The following chapter will discuss some of the contributions that 
functional neuroimaging has made to the associative learning literature. 
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3.                Functional Neuroimaging and Associative Learning 
 
In recent years, the increasing sophistication and availability of 
neuroimaging facilities (both in terms of knowledge about how to design 
experiments and access to equipment) has proved to be a boon to the field of 
psychology as a whole (for a recent commentary, see Cacioppo, Berntson, & 
Nusbaum, 2008).  In the field of cognitive research, these advances have 
allowed researchers to investigate the underlying regions of the brain which are 
involved in various cognitive phenomena, and to better understand the function 
of and the integration between these neural correlates of cognition.  For example, 
evidence of the engagement of the anterior cingulate cortex in response-conflict 
tasks such as the Stroop paradigm (in which participants must name the colour 
of the ink used to print a different-coloured colour name) has come from studies 
which used functional neuroimaging techniques to investigate these paradigms 
(for review, see Botvinick, Cohen, & Carter, 2004). 
With regard to associative learning studies with human participants, 
the focus in some recent studies has been to use neuroimaging techniques such 
as functional magnetic resonance imaging (fMRI) to localize, or pinpoint, the 
neural correlates of specific associative learning phenomena.  Of particular 
relevance to the current study is a series of experiments which were conducted 
starting in 2001, by Paul Fletcher and his group at Cambridge.  These 
researchers investigated frontal cortex engagement across several associative 
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learning tasks.  These studies and their findings, along with two recent meta-
analytic reviews, are discussed below. 
Using a design in which fictitious drugs were used as cues for the 
presence or absence of fictitious syndromes in an fMRI study, Fletcher et al. 
(2001) reported activation in the bilateral frontal cortex as participants learned the 
various relationships between drugs and syndromes (i.e. drug-syndrome, drug-
no syndrome, no drug-syndrome, and no drug-no syndrome).  This activation 
attenuated following a period of training on the various associations; however, in 
response to violations of the learned associations (e.g. a drug-syndrome 
outcome where participants would have learned to expect a drug-no syndrome 
outcome), an area in the right dorsolateral prefrontal cortex (DLPFC) showed 
renewed activation.  Furthermore, Fletcher et al. (2001) reported that their results 
indicated that the activity in this region of the brain was differentially sensitive to 
the surprising outcomes, with greater activation evoked by more surprising 
events.  In their discussion, Fletcher et al. (2001) contended that this sensitivity 
to violations of learned associations indicated that the right DLPFC might play an 
important role in surprise-dependent learning in humans. 
Subsequently, Turner et al. (2004) built on the findings of Fletcher 
et al. (2001), using a slightly different paradigm in an fMRI experiment to further 
investigate the role of the prefrontal cortex in associative learning.  Specifically, 
the Turner et al. (2004) study investigated the neural correlates of prediction 
error (that is, the omission of an outcome where an outcome was expected, or 
vice versa), using a task involving “super-learning” (Aitken, Larkin, & Dickinson, 
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2000).  Participants first learned that a food (A) was a predictor of an allergy.  At 
the next stage of the experiment, this Food A was paired with a second food (B), 
and no allergy occurred.  In this stage, termed “preventative learning”, Food B 
was expected to acquire preventative properties because it prevented the 
expected allergy following consumption of Food A from occurring (however, it 
should be noted that in Turner et al. (ibid), behavioural ratings for Food B were 
not significantly different from its control).  A third food, C, was paired with Food 
B in the final stage, and was followed by an allergy.  In this stage, termed “super-
learning”, Food C rapidly acquired a strongly positive association with the allergy 
because the presence of Food C overcame the preventative properties of Food 
B.  Turner et al. (2004) reported that both preventative learning and super-
learning conditions activated regions in the superior, middle and inferior frontal 
gyri.  In particular, activation was reported in the same region of the right middle 
frontal gyrus in both conditions, and this region was essentially the same region 
as that reported by Fletcher et al. (2001).    
Based on these findings, Turner et al. (2004) concluded that this 
region of the right middle frontal gyrus was sensitive to violations of learned 
associations (i.e. prediction error), but was insensitive to the direction of the 
violation.  In addition, Turner et al. (2004) reported that the activation evoked in 
this region was positively correlated with the magnitude of behavioural change; 
that is, the larger the prediction error, the greater the activation measured in the 
right middle frontal gyrus.  The findings from this study thus supported those of 
Fletcher et al. (2001), and further elaborated on the role of the prefrontal cortex in 
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associative learning, suggesting that a region of the right middle frontal gyrus 
might be specifically sensitive to violations of learned associations.  It is worth 
noting however that Turner et al. (2004) concluded that this region did not reflect 
the required direction of prediction error (i.e. whether it was positive or negative; 
only its magnitude). 
Arguing that prediction error should accompany retrospective 
revaluation (since after all both backward blocking and unovershadowing occur 
precisely because of violations of learned associations), Corlett et al. (2004) 
conducted an fMRI investigation into whether retrospective revaluation would 
evoke activity in the same region of the right middle frontal gyrus as reported by 
Fletcher et al. (2001) and Turner et al. (2004).  Participants in the Corlett et al. 
(2004) study first learned to associate a compound food cue (that is, two foods 
depicted in a picture) with an allergic reaction outcome.  In the second stage of 
the experiment, participants learned that one of the foods from the compound 
was associated with an allergic reaction or without the reaction, thereby eliciting 
backward blocking (in the former) or unovershadowing (in the latter).  The absent 
foods (the ones not presented in the second stage) were presented alone at the 
third stage, along with an outcome which either confirmed or violated the learned 
association at the second stage.  
Corlett et al. (2004) reported that, compared to a baseline control 
condition (which was consistently paired with “No Allergy” throughout the whole 
experiment), the fMRI results from the second stage of the study revealed 
regions sensitive to retrospective revaluation, including prefrontal cortex, caudate 
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nucleus, precentral gyrus, and anterior cingulate gyrus.  Interestingly, several 
regions showed greater activation for unovershadowing than for backward 
blocking.  In the third stage, in response to surprising violations of learned 
associations (which had been learned in the second stage), Corlett et al. (2004) 
reported activation in a region of the right middle gyrus, in an area similar to that 
reported by Fletcher et al. (2001) and Turner et al. (2004). 
The studies reported above underscore the point that functional 
neuroimaging can contribute greatly to our understanding of how the brain, 
especially the prefrontal cortex, is involved in associative learning phenomena.  
Of special relevance to this thesis are the findings of the Corlett et al. (2004) 
study, which reported possible neural correlates of retrospective revaluation.  
However, given the prevailing lack of clarity regarding the conditions under which 
retrospective revaluation and mediated conditioning effects emerge (as 
discussed in earlier chapters), it seems prudent to exercise caution when 
investigating specific neural correlates of associative learning phenomena.  For 
instance, a number of review papers in recent years (e.g. Duncan and Owen, 
2000; Chein and Schneider, 2005) have cautioned against over-specifying the 
role of regions in the prefrontal cortex with respect to various learning 
phenomena.   
In their meta-analytic paper, Duncan and Owen (2000) noted that a 
number of specific prefrontal regions were repeatedly activated across a wide 
range of cognitive paradigms involving response conflict, perceptual difficulty, 
task novelty, and working memory, using both fMRI and positron emission 
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tomography (PET) techniques.  Regions identified as being repeatedly recruited 
in the studies reviewed included regions in the mid-dorsolateral, mid-ventrolateral 
and dorsal anterior cingulate areas.  These findings led Duncan and Owen 
(2000) to conclude that the repeated recruitment of these specific prefrontal 
regions by a variety of different cognitive demands suggested the existence of a 
specialized prefrontal network, which was activated in response to diverse 
cognitive problems. 
More recently, Chein and Schneider (2005) conducted a meta-
analysis of recent fMRI studies utilizing various learning tasks in humans, with a 
focus on practice-related changes in fMRI activation.  They found a network of 
regions in the brain which were reported to be activated in response to learning 
across a variety of cognitive tasks and conditions.  These included lateral 
prefrontal, medial frontal (pre-SMA and anterior cingulate), posterior parietal, 
occipito-temporal and cerebellar areas, with these same areas showing practice-
related decreases in activation as the various tasks became familiar.  In addition 
to their meta-analytic review, Chein and Schneider (2005) also conducted a 
study utilizing a paired associate task, in which participants had to decide which 
of two possible choices matched the presented half of a stimuli pair which had 
been presented previously.  The results of this fMRI experiment indicated that to 
a large extent, very much the same regions as identified in the meta-analysis 
were activated in this task, and that these regions also showed the same pattern 
of reduced activation with extensive practice, especially in the frontal cortex.   
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Taken together, these findings from these two meta-analytic 
reviews strongly suggest that a network of regions in the brain, broadly localized 
in the frontal and prefrontal cortex, is activated across a wide range of cognitive 
tasks involving learning.  This network is routinely recruited across a wide range 
of cognitive tasks, and activation in this network attenuates with practice.  In fact, 
in addition to the main findings recounted above, Fletcher et al. (2001), Turner et 
al. (2004) and Corlett et al. (2004) also reported regions of activation which are 
striking in their overlap with those reported by the two meta-analytic papers.  For 
instance, Turner et al. (2004) noted the activation of a broad system when 
comparing learning events against a fixation baseline, “comprising bilateral 
dorsolateral and ventrolateral PFC, anterior cingulate cortex, bilateral occipital 
and parietal cortex, cerebellum and medial temporal cortex including the 
hippocampus.” (p. 875) 
In light of the literature reviewed above, Experiment 2 was 
conducted to probe for the neural correlates of retrospective revaluation and 
mediated conditioning, paying particular attention to the meta-analytic findings 
reported above.  Although the Corlett et al. (2004) study pointed to specific 
regions of the brain which were sensitive to retrospective revaluation, regions 
which might be sensitive to mediated conditioning have yet to be identified.  In 
addition, the earlier Fletcher et al. (2001) and Turner et al. (2004) studies 
provided the Corlett et al. (2004) study with confidence to apply masking 
procedures to their neuroimaging analysis, which enabled them to focus their 
investigation of the neural correlates of retrospective revaluation on the frontal 
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and striatal regions of the brain.  Given the meta-analytic findings of Duncan and 
Owen (2000), and Chein and Schneider (2005), it was speculated that regions 
sensitive to retrospective revaluation might exist outside of the areas reported by 
Corlett et al. (2004), and that there might also be a degree of overlap in the 
neural correlates of retrospective revaluation and mediated conditioning. 
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4.                Experiment 1 
 
Specific Aims 
As described above, although at least one series of experiments has 
demonstrated both retrospective revaluation and mediated conditioning in rats 
(albeit in separate experiments using very similar paradigms), and both effects 
have been reported separately in human participants, retrospective revaluation 
and mediated conditioning have yet to be reported simultaneously in human 
participants.  Thus the aim of Experiment 1 was to attempt to demonstrate both 
retrospective revaluation and mediated conditioning effects in human participants 
within a single stimuli compound.  This would answer the question of whether 
species differences could account for the divergent findings in the associative 
learning literature.   
 
Methods 
Subjects and apparatus  
A total of 23 undergraduate psychology students (12 females) between the ages 
of 21 and 25 took part in this experiment and received psychology course credits 
for their participation.  The study was conducted in a quiet testing room using 
personal computers running Presentation software (Neurobehavioral Systems, 
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Procedure 
The subjects played the role of a food allergist and were asked to learn which 
particular allergies a hypothetical “Mr. X” would develop after eating various 
foods.  Participants sat 0.5m away from the computer screen and were shown 
word stimuli (of height 5cm with a subtended visual angle of 5.73 degrees) which 
appeared as white text centered on a black screen.  The word stimuli depicting 
foods (bananas, beef, chicken, coconuts, cheese, lamb, fish, peanuts, shrimp, 
and oysters) were randomly assigned a letter code A to J.  Similarly, the word 
stimuli depicting six allergic reactions (cough, rashes, stomach ache, fever, 
nausea, and headache) together with the outcome “No Allergy” were randomly 
assigned a digit code 1 to 7.  The random assignment of foods and allergic 
reactions for each subject was intended to avoid any consistent biases that might 
otherwise influence the overall results.  Furthermore, it was also emphasized to 
subjects that they should make their food-allergy choices based on what was 
presented in the experiment, and not on any real-life associations they might 
have experienced prior to the experiment.  Positioned above the word stimuli on 
each trial were the white outlines of seven boxes which contained the labels for 
the six allergic reactions and “No Allergy”.  Each box corresponded to a response 
key (F1 to F7) on the keyboard.  Each trial began with the presentation of the 
food words (displayed one above the other and counterbalanced across trials) for 
2 seconds during which time a response was required.  At the end of this 2-
second period, feedback (“correct” or “wrong”) and the correct allergic reaction 
were presented for 1 second.  If no response was made during the 2-second 
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period, the feedback message “Please respond faster” appeared, along with the 
correct allergic reaction. 
The experiment consisted of two phases, each consisting of 50 
trials per condition, for a total of 250 trials per phase.  In Phase 1, subjects were 
presented with pairs of foods and asked to learn the associations between food 
pairs and allergies.  Upon presentation of a food pair, subjects had to decide 
which allergy (if any) “Mr. X” would develop.  Subjects were told they would have 
to guess initially, but that through trial and error they would eventually be able to 
learn the correct associations.  One food pair (IJ) was not associated with any 
outcome, and on these trials the screen simply went blank (a “No Data” 
outcome), regardless of the response made until the next trial appeared.  Before 
the start of the experiment, it was carefully explained to subjects that on these 
“No Data” trials, the absence of feedback about the allergic reaction did not imply 
that there was no allergic reaction; rather it simply meant that it could not be 
determined at that point of time if any allergic reaction had developed or not.  In 
these cases subjects were told to reserve their judgment about the effects of the 
food stimuli until a later time (no response key was provided for this condition, 
but subjects were asked to be consistent by pressing a key of their choice, in the 
interest of consistency).  In summary, four food pairs were consistently paired 
with a particular allergic reaction in Phase 1, and one additional food pair was 
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TABLE 1 
Experimental Design of Experiment 1 
_________________________________________________________ 
 Condition  Phase 1  Phase 2  
_________________________________________________________ 
 AB+ A+    AB→1   A→1    
 CD+ C-    CD→2   C→No allergy   
 EF+ E°    EF→3   E°    
 GH+ G+  GH→4   G→5    
 IJ° I+    IJ°   I→6    
_________________________________________________________ 
Note Letters denote presentation of different foods; “+1” to “+6” denote presentation of different 
allergic reactions; “-“ denotes “No Allergic Reaction” was presented on screen; and “°” denotes 
that the screen simply went blank screen after presentation of the food(s).   
 
In Phase 2, five individually-presented foods (one food from each of 
the pairs seen previously in Phase 1) were followed by various outcomes.  Food 
A was presented alone and followed by Allergy 1 (foods AB had previously been 
paired with Allergy 1 in Phase 1).  Food C was presented alone and followed by 
the “No Allergy” outcome (foods CD had previously been paired with Allergy 2 in 
Phase 1).  Food E was followed by a blank screen (the “No Data” outcome; in 
Phase 1 the EF food pair had resulted in Allergy 3).  Food G was followed by the 
previously unseen Allergy 5 (foods GH had previously been followed by Allergy 4 
in Phase 1).  Finally, Food I was followed by the previously unseen Allergy 6 
(foods IJ had previously been followed by a blank screen in Phase 1). 
At the end of both Phase 1 and Phase 2, subjects were asked to 
rate whether each individual food was related to each allergic reaction using a 7-
point scale (-3 to +3: with -3 indicating the food strongly prevented the allergy 
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from occurring; 0 indicating that there was no relation between the food and the 
allergy; and +3 indicating the food strongly caused the allergy).  At the end of 
each phase but before ratings were made, it was again emphasized to subjects 
that they should make their ratings based on what they had learned in the 
experiment and not based on any real-life associations they might have 
experienced outside this experiment.  Ratings after Phase 1 served to verify that 
subjects had learned and could remember the specific food pair and allergic 
reaction associations.  Ratings between foods and allergic reactions after Phase 
2 would be used to test for associative learning effects.  Following Phase 2, 
subjects were also asked to use the same 7-point scale to rate whether they 
thought the various allergic reactions were related to each other.  Ratings 
between allergic reactions would be used to assess whether mediated 
conditioning had occurred.  
 
Predictions 
In Experiment 1, E→No Data (E) trials served as a control for the backward 
blocking (A+) and unovershadowing (C-) trials. It was predicted that A→1 trials 
(A+) in Phase 2 would result in a reduction of the ratings for B in causing Allergic 
Reaction 1 compared to ratings for F in causing Allergic Reaction 3 (i.e., a 
demonstration of backward blocking).  Conversely, it was predicted that C→no 
allergy trials (C-) in Phase 2 would result in an increase of the ratings for D in 
causing Allergic Reaction 2 (i.e., a demonstration of unovershadowing).  These 
predictions are depicted in Figure 3. 
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Figure 3.  A diagrammatic representation of the predictions for the A+ and C- conditions.  A was 
explicitly paired with Allergy 1, and evoked a mental representation of B.  An inhibitory 
association was expected to form between the evoked representation of B and Allergy 1 (          ).  
C was presented as causing no allergy, but evoked mental representations of D and Allergy 2.  
An excitatory association (  ) was expected to form between the evoked representations. 
 










Of particular interest were the ratings for G and H in relation to 
Allergic Reaction 4 and Allergic Reaction 5, for which simultaneous retrospective 
revaluation (specifically backward blocking) and mediated conditioning were 
predicted to occur.  Recall that presentation of food pair GH in Phase 1 was 
followed by Allergic Reaction 4, whereas presentation of Food G alone in Phase 
2 was followed by Allergic Reaction 5.  G→5 trials in Phase 2 should evoke 
representations of both Food H and Allergic Reaction 4 in the presence of Food 
G and Allergic Reaction 5.  Ratings for H with respect to Allergic Reaction 5 
might be expected to decrease (in this case, a negative rating for H with respect 
to Allergic Reaction 5 might be expected); a result analogous to backward 
blocking.  In addition, if Allergic Reaction 4 were rated as being more associated 
with Allergic Reaction 5 (compared to a similarly novel control US also introduced 
in Phase 2, i.e., Allergic Reaction 6), then this would also constitute a 
demonstration of mediated conditioning.  These predictions are depicted in 
Figure 4.  
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Figure 4.  A diagrammatic representation of the predictions for the G+ condition.  G was explicitly 
paired with Allergy 5, and evoked a mental representation of H and Allergy 4.  An inhibitory 
association was predicted to form between the evoked representation of H and Allergy 5 (          ).  
In addition, an excitatory association (        ) was predicted to form between Allergy 4 and 
Allergy 5.  
 ALLERGY 5G




Obtaining both effects simultaneously and within the same stimuli 
compound would accomplish the first aim of this paper as set out in the 
introduction, and constitute an important finding, given the aforementioned lack 
of clarity as to the conditions under which retrospective revaluation and mediated 
conditioning occur.  
 
Results 
Phase 1 Results 
The subjective causality ratings of food-allergy associations made by the 
participants at the end of Phase 1 are shown in Table 2.  The highlighted cells 
indicate the appropriate food-allergy associations (i.e., Foods A and B with 
Allergy 1, C and D with Allergy 2, E and F with Allergy 3, and G and H with 
Allergy 4).  At the beginning of the experiment, no differences between the 
conditions would be expected.  During the experiment however, all foods except I 
and J would have been associated with a specific allergic reaction; therefore 
ALLERGY 4H
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ratings in Table 2 should reflect increased ratings for foods A and B with respect 
to Allergy 1, for example; but ratings should close to zero for foods A and B with 
respect to the other allergies.  This would suggest that participants were 
discriminating between the presented food pairs and associating them with the 
appropriate allergies.  Foods I and J in contrast should not be rated significantly 
with respect to any of the allergies since no specific associations between I and J 
and the allergies were presented in the experiment.  Statistical analyses 
conducted on the Phase 1 data showed that ratings for highlighted cells did not 
differ significantly from each other (that is, ratings for A+1 or C+2 were not 
different from say, E+3 or H+4; all Fs<1), and that only these highlighted ratings 
were significant (i.e. only the highlighted values were significantly different from 
zero; one-sample t-tests compared to zero, t>9 for all highlighted values only, 
p<.0001).  This indicates that participants were discriminating carefully between 
allergic reactions and had successfully learned the specific food pair-allergic 
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TABLE 2 
Mean food-allergy causality ratings at the end of Phase 1  
Food/Allergy 1 2 3 4 5 6 No Allergy
A 2.52 0.00 0.00 0.00 0.00 0.00 0.00 
B 2.17 0.13 0.00 0.09 0.00 0.00 0.04 
C 0.30 2.26 0.04 0.00 0.00 0.00 0.00 
D 0.13 2.17 -0.04 0.00 0.00 0.00 0.00 
E 0.00 -0.04 2.30 0.00 0.00 0.00 0.00 
F 0.00 0.04 2.22 0.00 0.00 0.00 0.04 
G 0.09 0.00 0.00 2.52 0.00 0.00 0.00 
H -0.09 0.00 0.00 2.39 0.00 0.00 0.00 
I -0.04 -0.04 0.30 0.00 0.09 0.09 0.17 
J -0.04 -0.04 0.30 -0.04 0.09 0.09 0.30 
Note The topmost row indicates the allergic reactions, and the leftmost column indicates the food. 
The values indicate the causality ratings which ranged from -3 (the food prevents the allergic 
reaction) through zero (the food and allergic reaction are not related) to +3 (the food causes the 
allergic reaction) across all participants. The cells depicting the food pair-allergic reaction ratings 
which were presented (i.e., Foods A and B associating with Allergic Reaction 1, C and D 
associating with Allergic Reaction 2, E and F associating with Allergic Reaction 3, and G and H 
associating with Allergic Reaction 4) are highlighted in grey. 
 
Phase 2 Results 
Table 3 shows the mean ratings participants made for food-allergy associations 
at the end of Phase 2.  The subjective causality ratings for food-allergy 
associations between A, B and Allergic Reaction 1, C, D and Allergic Reaction 2, 
and E, F and Allergic Reaction 3 are displayed in Figure 5.  The ratings given by 
participants at the end of Phase 2 for these food-allergy associations were used 
to test for retrospective revaluation effects.   
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TABLE 3 
Mean food-allergy causality ratings at the end of Phase 2  
Food/Allergy 1 2 3 4 5 6 No Allergy 
A 2.83 0.00 0.00 0.00 0.00 0.00 0.00 
B 0.52 0.00 0.00 0.13 0.00 0.00 0.87 
C 0.00 0.13 0.00 0.00 0.00 0.00 2.96 
D 0.00 2.17 0.00 0.13 0.00 0.00 0.00 
E 0.00 0.04 1.30 0.00 0.00 0.04 0.04 
F 0.00 0.00 1.52 0.00 0.00 0.00 0.00 
G 0.00 0.00 0.00 0.52 2.87 0.00 0.00 
H 0.00 0.00 0.00 1.96 -0.61 0.00 0.04 
I 0.00 0.00 0.13 0.00 0.00 2.70 0.00 
J 0.00 0.00 0.13 -0.04 0.00 0.09 0.35 
Note The topmost row indicates the allergic reactions, and the leftmost column indicates the food.  
The cells depicting the food pair-allergic reaction ratings for interest are highlighted in grey. The 
values indicate the causality ratings which ranged from -3 (the food prevents the allergic reaction) 
through zero (the food and allergic reaction are not related) to +3 (the food causes the allergic 
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Figure 5.  The subjective causality ratings for food-allergy associations at the end of Phase 1  
compared to the end of Phase 2 for foods B, D, and F, and the appropriate allergic reactions. 





























To check if retrospective revaluation was observed, a reduction in 
ratings for B with respect to D was examined.  Using EF as the control condition, 
within-subjects differences in the causality ratings for B causing Allergic Reaction 
1 and D causing Allergic Reaction 2 were computed in relation to F causing 
Allergic Reaction 3.  Indeed, ratings for B did decrease significantly with respect 
to D (t = 4.91, df = 22, p<0.01), thus demonstrating retrospective revaluation.  In 
comparison with F causing Allergic Reaction 3, ratings for D causing Allergy 
Reaction 2 were significantly higher (F(1, 44) = 10.14, p<0.01); hence 
 
 Neuroimaging of Associative Learning 38
overshadowing was replicated.  Ratings for B causing Allergic Reaction 1 also 
decreased significantly with respect to F causing Allergic Reaction 3 (F(1, 44) = 
8.72, p<0.01), thereby replicating backward blocking. 
To check to see if mediated conditioning had been obtained, the 
Allergic Reaction ratings with respect to Food H were compared.  For Food H in 
relation to Allergic Reaction 5, changes in causality ratings that parallel those of 
backward blocking were observed.  The subjective causality ratings for food-
allergy associations between G and H and Allergic Reactions 4 and 5 are 
depicted in Figure 6.   
 
Figure 6.  The subjective causality ratings for food-allergy associations at the end of Phase 2  
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A priori planned contrasts indicated that ratings for H causing 
Allergic Reaction 5 decreased in Phase 2 compared to control condition F 
(F(1,44) = 5.60, p<0.05).  This reduction in causality ratings is analogous to the 
reduction in the ratings for B causing Allergic Reaction in Phase 2 (i.e., the 
backward blocking effect).  A priori planned contrasts also indicated that ratings 
for the likelihood of Allergic Reaction 4 predicting the co-occurrence of Allergic 
Reaction 5 were significantly higher than those of Allergic Reaction 4’s likelihood 
of predicting the co-occurrence of an unrelated outcome that was similar in 
novelty and treatment during Phase 2 (i.e. Allergic Reaction 6: F(1, 44) = 4.43, 
p<0.05). In terms of mediated conditioning, this is somewhat analogous to the 
food-LiCl association reported by Holland (1981).  Ratings for Allergic Reaction 5 
causing Allergic Reaction 4 were also significantly higher than for Allergic 
Reaction 6 causing Allergic Reaction 4 (F(1, 44) = 7.91, p<0.01).  Interestingly, 
the direction of the association between Allergic Reactions 4 and 5 appeared to 
be stronger for Allergic Reaction 5 predicting Allergic Reaction 4 (mean pairwise 
difference in ratings = 0.68) than for Allergic Reaction 4 predicting Allergic 
Reaction 5 (mean pairwise difference in ratings = 0.41), although the difference 
was not significant (p>0.05).  Subjective ratings for allergy-allergy associations at 
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TABLE 4 
Mean ratings for allergy-allergy associations at the end of Phase 2 
…predicts this allergy 
 
 
 AR 1 AR2 AR3 AR4 AR5 AR 6 No Allergy 
AR 1 - 0.14 0.05 0.05 0.00 0.09 0.14 
AR 2 0.18 - 0.00 0.09 0.00 0.14 0.27 
AR 3 0.00 0.00 - 0.14 0.00 0.05 0.00 
AR 4 0.05 0.00 0.00 - 0.41 0.00 0.00 
AR 5 0.00 0.18 0.00 0.73 - 0.14 0.14 








No Allergy 0.05 0.14 0.00 0.00 0.14 0.05 - 
Note The rows indicate which allergies predict the allergies depicted in the columns.  The cells 
depicting the allergy-allergy associations of interest are highlighted in grey. The values indicate 
the causality ratings which ranged from -3 (one allergic reaction predicts the absence of the other 
allergic reaction) through zero (the two allergic reactions are not related) to +3 (one allergic 
reaction predicts the co-occurrence of the other allergic reaction) across all participants. AR 
denotes Allergic Reaction. 
 
Discussion 
Thus far, there has been a divide in the findings from the associative learning 
literature, in that usually either retrospective revaluation or mediated conditioning 
effects are found in an experiment, but not both.  The lack of clarity regarding the 
conditions under which retrospective revaluation or mediated conditioning 
emerge has been exacerbated by the fact that the literature is filled with results 
which have been obtained by using a variety of experimental paradigms, and 
involve both human and animal subjects.  The results from Experiment 1 
demonstrate both retrospective revaluation, with Food B being rated as less likely 
to cause an allergic reaction than Food D; as well as mediated conditioning, with 
Allergic Reaction 5 being rated as causing Allergic Reaction 4, despite no direct 
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associations being introduced between the two in the experimental paradigm.  In 
addition to this, and more importantly, both backward blocking and mediated 
conditioning effects were obtained within the same condition; the GH→+4/G→+5 
condition.   
It is therefore possible to conclude based on the results of 
Experiment 1 that species differences are not sufficient to account for the 
contradicting findings in the literature, because both retrospective revaluation and 
mediated condition effects can be obtained using a single experimental 
paradigm, and in the same stimulus compound in human participants.  This 
constitutes an important finding for the literature, given the current lack of clarity 
as discussed in the earlier sections of this paper. 
It has been previously been suggested that the relative salience of 
the individual cues making up a stimulus compound has an effect on the 
associations formed (most recently by Liljeholm and Balleine, in press); that is, 
whether retrospective revaluation or mediated conditioning effects are observed 
depends on the degree to which participants (human or animal) view the cues as 
similar or distinct.  Specifically, Liljeholm and Balleine (in press) suggest that a 
high level of discriminability between the stimuli making up a compound tends to 
prevent stimuli generalization and leads to retrospective revaluation, whereas low 
discriminability promotes generalization between the stimuli and results in 
mediated conditioning effects.   
From this perspective, in the GH→+4/G→+5 condition, stimuli G 
and H could be viewed as being highly distinct because they are both foods; and 
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participants are likely to have experience with and have pre-existing 
conceptualizations about such stimuli (Liljeholm and Balleine, in press).  
Participants might therefore be expected not to generalize to any great extent 
between stimuli G and H, accounting for the backward blocking effect observed 
for Food H with respect to Allergic Reaction 5.  On the other hand, stimuli 4 and 5 
are allergic reactions, or illnesses.  While it is equally true that participants are 
likely to have had experience with the various allergic reactions that were 
presented in Experiment 1, it is plausible that generalization occurred more 
readily between the allergic reactions than between foods.  Specifically, recall 
that the allergic reactions used in Experiment 1 were cough, rashes, stomach 
ache, fever, nausea, and headache.  Several combinations of the allergic 
reactions from the above list can co-occur in various real-life illnesses; for 
instance, fever and rashes/headache, or nausea and stomach ache.  
Consequently, participants might be more likely to generalize between the 
allergic reaction stimuli as opposed to the food stimuli as a result of their own 
experiences with the allergic reactions, resulting in the mediated conditioning 
noted between Allergic Reactions 4 and 5.   
It is however unclear as to why the direction of conditioning is 
stronger for Allergic Reaction 5 predicting the co-occurrence of Allergic Reaction 
4 than in the opposite direction, and the explanation above does not account for 
this difference.  It might be argued that the specific directionality of the 
association between Allergic Reaction 4 and Allergic Reaction 5 could be due to 
an associative chaining effect on test.  That is, when probed about associations 
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learned during the experiment with respect to Allergic Reaction 5, an associative 
chain might form; from the presented Allergic Reaction 5 to a remembered 
representation of Food G, and from there to a remembered representation of 
Allergic Reaction 4, resulting in participants making a positive association 
between Allergic Reaction 4 and Allergic Reaction 5.  The longer chain from 
Allergic Reaction 4 to Allergic Reaction 5 (from Allergic Reaction 4 to Food H, 
then to Food G, and finally to Allergic Reaction 5) could account for the weaker 
association in this direction.   
However, an associative chaining explanation should also affect the 
IJ condition.  If chaining plays a role then this should inflate the ratings between 
Food J and Allergic Reaction 6.  That is, when probed about associations learned 
during the experiment with respect to Allergic Reaction 6, an associative chain 
should form; from the presented Allergic Reaction 6 to a remembered 
representation of Food I, and from there to a remembered representation of Food 
J, resulting in participants making a positive association between Food J and 
Allergic Reaction 6.  The data reported above show that this was not the case, 
suggesting that associative chaining account may not explain the associations 
between Allergic Reaction 4 and Allergic Reaction 5. 
One possibility is that nature of the associatively evoked stimulus 
representation (whether it is a CS or US) can at least in part determine whether 
backward blocking or mediated conditioning emerges.  Mediated conditioning 
appears to involve the evocation of a US representation (an allergic reaction, in 
the current experiment) whereas backward blocking appears to involve the 
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evocation of a CS representation (a food, in the current experiment).  However, 
further speculation regarding this possibility will be withheld in view of the 
possibility that Experiment 2 might reveal different neural substrates involved in 
retrospective revaluation and mediated conditioning, which would obviate the 
need to reconcile the two phenomena. 
In light of the findings from Experiment 1, which demonstrated both 
retrospective revaluation and mediated conditioning within the same stimulus 
compound, fMRI was used to investigate the underlying regions of the brain 
which might be differentially involved in these two associative learning 
phenomena.  This study is reported below, as Experiment 2. 
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5.                Experiment 2 
 
Specific Aims 
Experiment 1 established that both retrospective revaluation and mediated 
conditioning could be demonstrated in humans within a single stimuli compound, 
thereby answering the question of whether species differences could account for 
the divergent findings in the associative learning literature.  The aim of 
Experiment 2 was to investigate a second possibility; that separate neural 
networks underlie retrospective revaluation and mediated conditioning.  If 
retrospective revaluation and mediated conditioning were indeed shown to be 
supported by different neural networks, then it might not be necessary to 
reconcile the differences between the two because the implication could be that 
the two were involving distinct learning processes.  Thus the aim of Experiment 2 
was to extend the findings of Experiment 1 by replicating the study while using 
fMRI to probe the underlying brain regions supporting retrospective revaluation 




A total of 14 young adults (7 females) between the ages of 19 and 25 took part in 
this experiment and were paid S$30 for their participation.  The study protocol 
was approved by the local ethics committee and participants signed informed 
consent before commencement.  Functional imaging was performed on a 1.5T 
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Symphony System (Siemens AG) using blipped gradient-echo EPI at a local 
hospital.  The resulting functional images were processed and analyzed using 
Brain Voyager QX (Version 1.7, Brain Innovation, Holland).     
 
Procedure   
The study was conducted using Presentation software (version 0.60 05.01.03, 
Neurobehavioral Systems, United States of America) to run the experimental 
paradigm, which was developed in-house.  The basic procedure and 
experimental design followed that used in Experiment 1 closely, with a number of 
modifications made due to technical considerations for an fMRI study (see Table 
5 for experimental design).  For example, each phase in the experiment was 
divided into 4 runs of 60 trials, for a total of 480 trials.  The timings however 
stayed the same between trials.  In addition, a sixth condition, 
KL→noData/K→noData, was added in Experiment 2.  For this condition, in Phase 
1, food pair KL was not associated with any outcome, and on these trials the 
screen simply went blank (a “No Data” outcome), regardless of the response 
made until the next trial appeared.  In Phase 2, food K was presented alone, and 
was also followed by a blank screen (the “No Data” outcome).   
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TABLE 5 
Experimental Design of Experiment 2 
_________________________________________________________ 
 Condition  Phase 1  Phase 2  
_________________________________________________________ 
 AB+ A+    AB→1   A→1    
 CD+ C-    CD→2   C→No allergy   
 EF+ E°    EF→3   E°    
 GH+ G+  GH→4   G→5    
 IJ° I+    IJ°   I→6 
KL°K°   KL°   K°  
_________________________________________________________ 
Note Letters denote presentation of different foods; “+1” to “+6” denote presentation of different 
allergic reactions; “-“ denotes “No Allergic Reaction” was presented on screen; and “°” denotes 
that the screen simply went blank screen after presentation of the food(s).  
 
The decision to include this behaviourally redundant condition was 
made in the interest of establishing a baseline for the fMRI contrasts (i.e. an fMRI 
control condition against which the other conditions and their activation profiles 
could be compared).  Stimulus and feedback presentation durations were 
identical to those in Experiment 1.  30 seconds of fixation were added to provide 
a low-level baseline to which all conditions could be compared (including 
condition KL) at the start and at the end of each run.  Variable periods of fixation 
were also inserted between trials (6s, 9s or 12s) to allow sufficient separation 
and jittering of trials to facilitate deconvolution.  Due to these timings, the duration 
of the experiment per participant was much longer than in Experiment 1.  Each 
participant took on average 80 minutes to complete Experiment 2 (c.f. 45 minutes 
on average to complete Experiment 1).  As in Experiment 1, for trials resulting in 
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a “No Data” outcome, participants were told to reserve their judgment about the 
effects of the food stimuli until a later time.  In addition, it was also emphasized to 
participants that they should press any response key of their choice on these 
trials in order to minimize differences between the experimental conditions.  To 
summarize, in Experiment 2, four food pairs were consistently paired with a 
particular allergic reaction in Phase 1, and two additional food pairs were 
presented without an outcome.  Phase 2 food-allergy pairings were the same as 
those in Experiment 1; with the exception of the additional KL condition, which 
was not associated with an allergic reaction in either phase.  All other details of 
the procedure were identical to those in Experiment 1. 
 
Imaging protocol   
Functional imaging was performed on a 1.5-Tesla Symphony MRI scanner 
(Siemens, Erlangen, Germany) using blipped gradient-echo echoplanar imaging 
(TR=3000ms; flip angle = 90˚; 64x64 pixel matrix; FOV=192x192mm).  Each run 
consisted of 158 whole brain acquisitions (36 oblique axial slices, 3mm thick, 
0.3mm gap between slices, ascending Interleaved2 slice acquisition) acquired in 
planes parallel to AC-PC.  A high-resolution (256x256 pixel matrix; 
FOV=206x206mm) anatomical reference was acquired using a magnetization 
prepared rapid acquisition gradient echo (MPRAGE) sequence that yielded 80 to 
88 0.8mm thick sagittal slices.  A transformation to Talairach space was then 
obtained by manually specifying AC, PC, anterior, posterior, superior and inferior 
points.  Following phase correction, the functional images were processed and 
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analyzed using Brain Voyager QX (Version 1.7, Brain Innovation, Holland).  Slice 
scan time correction followed by motion correction, spatial smoothing (Gaussian 
kernel of 8mm FWHM) and linear trend removal were performed.  The functional 
images were then manually co-registered the functional data to the MPRAGE 
images.  The resulting realigned functional data were then transformed into 
Talairach space prior to the computation of group-level activation maps. 
 
Image data analysis   
A random effects general linear model was computed using haemodynamic 
response functions (HRFs) as implemented in Brain Voyager QX (v1.7), and 
which models both response peak and undershoot, for each of the six conditions 
of interest in Phase 1 (AB, CD, EF, GH, IJ, and KL) and the six conditions of 
interest in Phase 2 (A, C, E, G, I, and K).  All 12 conditions were computed 
relative to a fixation baseline condition.  Regions of Interest (ROIs) were selected 
by contrasting learning and non-learning conditions (see Results for details).  
Further ROI analyses were then conducted to examine each condition’s HRF 
parameter estimated from the underlying blood oxygenation level dependent 
(BOLD) signal for that ROI.  Cluster-size thresholding was applied to the 3-D 
volume brain maps, based on the assumption that areas of activation tend to 
stimulate signal changes over groups of spatially contiguous voxels rather than 
over sparsely isolated voxels (Goebel, Esposito, & Formisano, 2006).  The 
computation of the minimum cluster threshold was accomplished by first setting 
the voxel-level threshold at t = 3.30 (p<.001, uncorrected).  The thresholded brain 
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maps were then submitted to a whole-brain correction criterion based on an 
iterative procedure (the Brain Voyager Cluster Threshold Estimator, using Monte 
Carlo simulation; Forman et al., 1995) for estimating cluster-level false positive 
rates.  After 1,000 iterations, the minimum cluster threshold size threshold 
yielding a cluster-level false-positive rate (α) of 5 percent was applied to the brain 
maps.  This process took into account such factors as the spatial correlations 
between neighbouring voxels, voxel intensity thresholding and the consideration 
of all active clusters across the brain map.  The procedure yielded a minimum 
cluster size threshold which specified α=0.05 probability of false positive 
detection at the cluster level.  Thus the final statistical threshold used was  
p ≤ 0.05 corrected.  The minimum cluster size threshold for all activations 
reported in Experiment 2 was >408 mm3.   
 
Results 
Behavioural Results   
Phase 1 Results 
The subjective causality ratings of food-allergy associations made by the 
participants are shown in Table 6.  The highlighted cells indicate the appropriate 
food-allergy associations (i.e., Foods A and B with Allergy 1, C and D with Allergy 
2, E and F with Allergy 3, and G and H with Allergy 4).  Statistical analyses 
conducted on the Phase 1 data showed that ratings for highlighted cells did not 
differ significantly from each other (that is, ratings for A+1 or C+2 were not 
different from say, E+3 or H+4; all Fs<1), and that only these highlighted ratings 
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were significant (i.e. only the highlighted values were significantly different from 
zero; one-sample t-tests compared to zero, t>9 for all highlighted values only, 
p<.0001).  This indicates that participants were discriminating carefully between 
allergic reactions and had successfully learned the specific food pair-allergic 
reaction associations by the end of Phase 1.  
TABLE 6 
Mean food-allergy causality ratings at the end of Phase 1 
Food/Allergy 1 2 3 4 5 6 No Allergy
A 2.77 0.00 0.00 0.00 0.00 0.00 0.00 
B 3.00 0.00 0.00 0.00 0.00 0.00 0.00 
C 0.00 2.77 0.00 0.00 0.00 0.00 0.00 
D 0.00 3.00 0.00 0.00 0.00 0.00 0.00 
E 0.00 0.00 3.00 0.00 0.00 0.00 0.00 
F 0.00 0.00 3.00 0.00 0.23 0.00 0.00 
G 0.08 0.00 0.00 2.77 0.00 0.00 0.00 
H 0.00 0.00 0.00 2.54 0.00 0.00 0.00 
I 0.00 0.00 0.00 0.23 0.23 0.46 0.00 
J 0.00 0.00 0.00 0.23 0.23 0.46 0.00 
K 0.00 0.00 0.08 0.00 0.46 0.00 0.00 
L 0.00 0.00 0.08 0.00 0.46 0.00 0.00 
Note The topmost row indicates the allergic reactions, and the leftmost column indicates the 
food. The values indicate the causality ratings which ranged from -3 (the food prevents the 
allergic reaction) through zero (the food and allergic reaction are not related) to +3 (the food 
causes the allergic reaction) across all participants. The cells depicting the food pair-allergic 
reaction ratings which were presented (i.e., Foods A and B associating with Allergic Reaction 1, 
C and D associating with Allergic Reaction 2, E and F associating with Allergic Reaction 3, and G 
and H associating with Allergic Reaction 4) are highlighted in grey. 
 
Phase 2 Results 
Table 7 shows the mean ratings participants made for food-allergy associations 
at the end of Phase 2.  The subjective causality ratings for food-allergy 
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associations between A, B and Allergic Reaction 1, C, D and Allergic Reaction 2, 
and E, F and Allergic Reaction 3 are displayed in Figure 7.  The ratings given by 
participants at the end of Phase 2 for these food-allergy associations were used 
to test for retrospective revaluation effects.   
TABLE 7 
Mean food-allergy causality ratings at the end of Phase 2 
Food/Allergy 1 2 3 4 5 6 No Allergy 
A 3.00 0.00 0.00 0.00 0.00 0.00 0.00 
B 1.15 0.00 0.00 0.00 0.00 0.00 0.15 
C 0.00 0.23 0.00 0.00 0.00 0.00 2.92 
D 0.00 2.31 0.00 0.00 0.00 0.00 0.00 
E 0.00 0.00 1.62 0.00 0.00 0.00 0.00 
F 0.00 0.00 1.85 0.15 0.00 0.00 0.00 
G 0.00 0.00 0.00 0.54 3.00 0.00 0.00 
H 0.00 0.00 0.00 2.00 -0.38 0.00 0.00 
I 0.00 0.00 0.00 0.00 0.23 3.00 0.00 
J 0.00 0.00 0.00 0.00 0.00 0.08 0.00 
K 0.00 0.00 0.15 0.00 0.08 0.00 0.38 
L 0.00 0.00 0.15 0.00 0.00 0.00 0.00 
Note The topmost row indicates the allergic reactions, and the leftmost column indicates the food.  
The cells depicting the food pair-allergic reaction ratings for interest are highlighted in grey. The 
values indicate the causality ratings which ranged from -3 (the food prevents the allergic reaction) 
through zero (the food and allergic reaction are not related) to +3 (the food causes the allergic 
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Figure 7.  The subjective causality ratings for food-allergy associations at the end of Phase 1  
compared to the end of Phase 2 for  foods B, D, and F, and the appropriate allergic reactions. 






























To check if retrospective revaluation was observed, a reduction in 
ratings for B with respect to D was examined.  Using EF as the control condition, 
within-subjects differences in the causality ratings for B causing Allergic Reaction 
1 and D causing Allergic Reaction 2 were computed in relation to F causing 
Allergic Reaction 3.  Indeed, ratings for B did decrease significantly with respect 
to D (t = 3.17, df = 13, p<0.01), thus demonstrating retrospective revaluation.  In 
comparison with F causing Allergic Reaction 3 only, ratings for D causing Allergy 
Reaction 2 were significantly higher (F(1, 26) = 4.92, p<0.05); hence 
unovershadowing was replicated.  Although ratings for B did decrease with 
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respect to F, this difference failed to reach significance (F(1, 26) = 1.22, Fcritical = 
4.23). 
To check to see if mediated conditioning had been obtained, the 
Allergic Reaction ratings with respect to H were compared.  In Experiment 2, 
ratings for Food H with respect to Allergic Reaction 5 did not show the same 
change in causality ratings as those observed in Experiment 1.  The subjective 
causality ratings for food-allergy associations between G and H and Allergic 
Reactions 4 and 5 are depicted in Figure 8.   
 
Figure 8.  The subjective causality ratings for food-allergy associations at the end of Phase 2 for  































Although there was a slight tendency for participants to decrease 
their ratings of Food H with respect to Allergic Reaction 5, the backward blocking 
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analogue did not reach significance (F(1,26) = 2.07, Fcritical = 4.23) compared to 
control condition F.  In addition, the ratings for the likelihood of Allergic Reaction 
4 predicting the co-occurrence of Allergic Reaction 5 were also not significant 
(F(1,26) = 0.01, Fcritical = 4.23) compared to those of Allergic Reaction 4’s 
likelihood of predicting the co-occurrence of an unrelated outcome that was 
similar in novelty and treatment during Phase 2 (i.e. Allergic Reaction 6).  
However, ratings were significant for Allergic Reaction 5 predicting the co-
occurrence of Allergic Reaction 4 (F(1,26) = 5.66, p<0.05), demonstrating 
mediated conditioning.  Finally, as in Experiment 1, the association between 
Allergic Reactions 4 and 5 appears to be in the direction of Allergic Reaction 5 
predicting Allergic Reaction 4 rather than vice versa.  Subjective ratings for 
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TABLE 8 
Mean ratings for allergy-allergy associations at the end of Phase 2 
…predicts this allergy 
 
 
 AR 1 AR2 AR3 AR4 AR5 AR 6 No Allergy 
AR 1 - 0.08 0.00 0.00 0.00 0.00 0.00 
AR 2 0.00 - 0.00 0.00 -0.08 0.15 0.00 
AR 3 0.00 0.00 - 0.23 0.00 0.00 0.00 
AR 4 0.00 0.00 0.00 - -0.04 0.00 0.00 
AR 5 0.15 0.31 0.00 0.58 - - 0.00 








No Allergy 0.00 -0.15 0.00 0.00 0.00 0.00 - 
Note The rows indicate which allergies predict the allergies depicted in the columns.  The cells 
depicting the allergy-allergy associations of interest are highlighted in grey. The values indicate 
the causality ratings which ranged from -3 (one allergic reaction predicts the absence of the other 
allergic reaction) through zero (the two allergic reactions are not related) to +3 (one allergic 
reaction predicts the co-occurrence of the other allergic reaction) across all participants. AR 
denotes Allergic Reaction. 
 
Imaging Results 
All regions of interest discussed in the following sections are reported in the 
stereotaxic space of Talairach and Tournoux (1988).      
 
Learning-related changes in BOLD activation (Phase 1) 
Learning in Phase 1 was assessed in two ways.  Firstly, differences in activation 
for all learning conditions (AB, CD, EF and GH) were contrasted between the 
start of Phase 1 (Run 1) and the end of Phase 1 (Run 4).  Secondly, differences 
in activation were contrasted between learning (AB, CD, EF and GH) and non-
learning (IJ and KL) conditions.  These contrasts revealed a network of brain 
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regions showing greater activity at the start of the experiment compared with 
activity at the end of the experiment (see Table 9).   
TABLE 9 
Brain areas showing differences between the start of Phase 1 and the end of Phase 1  
Talairach (x, y, z)  Anatomical Regions BA mm³ 
Frontal Lobe 
-4 24 41 Left Cingulate Gyrus 32 1109 
-33 21 6 Left Insula 13 1173 
-43 11 28 Left Inferior Frontal Gyrus 9 1004 
-48 19 17 Left Inferior Frontal Gyrus 45 1168 
-3 11 52 Left Superior Frontal Gyrus 6 980 
-40 28 14 Left Middle Frontal Gyrus 46 1331 
45 18 25 Right Middle Frontal Gyrus 46 1295 
Temporal Lobe 
-48 -34 8 Left Superior Temporal Gyrus 41 1397 
-33 -22 -6 Left Hippocampus - 679 
-17 -31 -3 Left Parahippocampal Gyrus 30 783 
Occipital Lobe 
-30 -47 -7 Left Fusiform Gyrus 37 1114 
24 -62 -6 Right Fusiform Gyrus 19 1156 
Sub-lobar 
11 10 12 Caudate - 986 
 
The predominant pattern of activation in the reported regions 
followed that of the right middle frontal gyrus reported below (see Figure 11), 
except that activation for these regions across Phase 1 was greater in the 
learning conditions than in the non-learning conditions.  However, a number of 
regions showed very different patterns of activation to the predominant pattern, 
and further analyses were conducted in these regions.  
Of particular interest to the current study was the activation in the 
right middle frontal gyrus, in light of the findings from previous studies (e.g. 
Turner et al., 2004; Corlett et al., 2004), and as such, the pattern of activation in 
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this region is reported below.  Also, because of existing literature which strongly 
suggests that these regions are involved in associative learning, activations in 
the caudate, left hippocampus and left parahippocampal gyrus are reported 
below.  For example, the hippocampus has been implicated in associative 
encoding (e.g. Davachi & Wagner, 2002) and retrieval (e.g. Eldridge et al., 2000), 
and studies have reported activation of the caudate nucleus (compared to a 
baseline) when engaged in a feedback-based task (e.g. Poldrack et al., 2001).  
The parahippocampal gyrus has been implicated in associative learning tasks 
(e.g. Weniger, Boucsein & Irle, 2004), as well as in learning multiple 
discriminations concurrently (e.g. Rothblat, Vnek, Gleason, & Kromer, 1993).  
Based on the pattern of learning in Phase 1 (average learning rate 
across all participants), which showed a parametric increase across runs and 
reached asymptote by Run 4 (see Figure 9), it was expected that changes in the 
pattern of activation for the regions analyzed might occur across Phase 1.  As a 
result, Phase 1 activations in the regions reported below are shown across all 
four runs.  The activations are reported as learning conditions (AB, CD, EF, and 
GH) and non-learning conditions (IJ and KL) since the essential difference 
between conditions in Phase 1 was whether the compound food cue was paired 
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Note Vertical bars denote range of standard error.  Conditions IJ and KL which have the “No 
Data” outcome are not represented above. 
 
 
Retrospective revaluation- and mediated conditioning-related changes in BOLD 
response (Phase 2) 
Analysis of the data from Phase 2 was conducted for the four regions showing 
unique activation patterns in Phase 1.  For the reasons noted above, it might be 
expected that the same four regions, might reveal patterns of activation that 
discriminated between the different associative changes brought about in Phase 
2.  Hence, the right middle frontal gyrus, caudate, left hippocampal and left 
parahippocampal regions identified in Phase 1 were probed for associative 
learning changes in Phase 2.  Because the pattern of learning in Phase 2 
(average learning rate across all participants) was different for the first two runs 
compared to the last two runs of Phase 2 (showing an increase between the first 
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two runs and reaching asymptote by the third run; see Figure 10), it was believed 
that this might be reflected as differences in the patterns of activation for the first 
two runs of Phase 2 versus the latter two runs.   
 

























Note Vertical bars denote range of standard error.  Conditions E and K which have the “No Data” 
outcome are not represented above. 
 
If activation across all four runs were plotted, it might manifest as 
an abrupt change in activation between the second and third runs.  Therefore, 
Phase 2 activations are reported as two values in the interest of clarifying the 
data, the first value consisting of the average activation in the first two runs and 
the second consisting of the average activation in the latter two runs.  The 
activations are reported for the individual conditions in Phase 2 in the interest of 
examining possible differences in activation patterns for the different associative 
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learning effects (i.e. backward blocking, unovershadowing and mediated 
conditioning). 
 
Right Middle Frontal Gyrus Activation 
 































Note Vertical bars denote range of standard error.  Learning conditions are conditions AB, CD, 
EF and GH.  Non-learning conditions are conditions IJ and KL. 
 
The region of the right middle frontal gyrus (Brodmann area 46, or 
BA 46) reported above (Figure 11) shows the same practice-related decrease 
(progressive decrease from Run 1 to Run 4) in Phase 1 as reported in the Chein 
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Note Vertical bars denote range of standard error. 
 
The activation profile of the right middle frontal gyrus in Phase 2 
(Figure 12) showed the same general trend in activation as in Phase 1, with a 
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Caudate Activation 





























Note Vertical bars denote range of standard error.  Learning conditions are conditions AB, CD, 
EF and GH.  Non-learning conditions are conditions IJ and KL. 





s greater for learning conditions than for non-learning conditions 
across Phase 1.  In addition, activation decreased across all learning conditions 
as Phase 1 proceeded.  Noteworthy is the lack of any progressive decrease in 
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Note Vertical bars denote range of standard error. 
 




eral trend in activation as in Phase 1, with a progressive decrease 
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Left Parahippocampal Gyrus Activation 
) - Phase 1 
 
 



























Note Vertical bars denote range of standard error.  Learning conditions are conditions AB, CD, 
EF and GH.  Non-learning conditions are conditions IJ and KL. 
Figure 15 shows the activation profile of the left parahippocampal 
gyrus.  In th
 
 
is region, activation for learning conditions remained high across 
Phase 1, whereas activation for non-learning conditions showed a sharp 
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Note Vertical bars denote range of standard error. 
 
ile of the left parahippocampal 
gyrus in Pha
 
Figure 16 shows the activation prof
se 2.  Activation for all conditions decreases across Phase 2, 
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Left Hippocampus Activation 
 



























Note Vertical bars denote range of standard error.  Learning conditions are conditions AB, CD, 
EF and GH.  Non-learning conditions are conditions IJ and KL. 
 
Figure 17 shows the activation profile of the left hippocampus.  In 
this region, activation for learning conditions was consistently higher than for 
non-learning conditions.   Activation was consistently high across the runs of 
Phase 1 for the learning conditions; however activation may have slightly 
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Note Vertical bars denote range of standard error. 
 
The activation profile of the left hippocampus in Phase 2 (Figure 
18) showed a notable increase in activation for condition G between the first two 
runs and the last two runs of Phase 2.  All other conditions showed a decrease in 




The behavioural data from Experiment 2 demonstrated a partial replication of the 
results from Experiment 1.  Both retrospective revaluation and mediated 
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conditioning were found, although Experiment 2 was unable to replicate the 
finding in Experiment 1 of backward blocking as well as mediated conditioning 
within the same stimulus compound.  Nevertheless, the results indicated that 
both retrospective revaluation and mediated conditioning could be evoked with 
human participants in the same experiment, and increased confidence in the 
results of Exp
f Experiment 1 were replicated (albeit only partially) 
with the limite
eriment 1. 
A possible reason for the discrepancy (compared to Experiment 1) 
in the behavioural results from Experiment 2 is the number of participants and 
the requirements of the fMRI experiment.  With respect to the first point, 
Experiment 2 consisted of less than two thirds of the participants compared with 
Experiment 1; the behavioural data certainly could not have suffered from the 
addition of more participants.  However, the paradigm used in Experiment 2 was 
fairly long, and logistical as well as financial considerations necessitated that 
relatively few participants were recruited.  In spite of this limitation, it was 
encouraging that the results o
d sample size. 
With respect to the second point, the inclusion of the sixth condition 
(the KL→noData/K→noData control) combined with fMRI scanning requirements 
to necessitate reduction of the number of trials.  The result was that each 
condition was presented fewer times compared to Experiment 1 (40 
presentations per condition, versus 50).  Furthermore, participants had to try to 
remember six different conditions against five conditions in Experiment 1, and the 
duration of Experiment 2 was almost twice that of Experiment 1.  In summary, 
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increased demands on attention, due to the paradigm used as well as the 
potential distraction from the discomfort of the fMRI scanning environment, 
together with fewer learning trials per condition, could have contributed to the 
ilure to find backward blocking in Experiment 2. 
back that occurred for learning conditions but not for non-





The overall findings from Phase 1 indicated that a number of regions in the 
prefrontal cortex were specifically active in the learning conditions.  Activations in 
these regions are consistent with existing meta-analyses (e.g. Cabeza and 
Nyberg, 2000; Chein and Schneider, 2005) which report a general network of 
brain regions supporting learning and encoding and retrieval processes, and 
which show practice-related decreases in these regions.  In addition to these 
regions supporting learning, other brain regions were also noted.  These regions 
may be involved in increased processing of the stimuli for conditions where 
learning was occurring; for example, increased bilateral fusiform activation can 
be attributed to increases in processing of the word stimuli (e.g. the additional 
information in the feed
le
 
Frontal Gyrus Activation 
The region of the right middle frontal gyrus reported above 
(Brodmann area 46, or BA 46) showed the practice-related decrease in activation 
across Phase 1 for both learning and non-learning conditions, which is consistent 
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with the Chein and Schneider (2005) meta-analysis.  Notably, the right middle 
frontal gyrus showed overall and consistently increased activation for the non-
learning conditions compared to the learning conditions.  In the current 
experiment, the non-learning conditions had no specific allergic reaction 
associated with them, unlike the other conditions.  It might be expected that 
participants would experience less certainty regarding their choice of response in 
these non-learning conditions.  Some researchers (e.g. Fleck, Daselaar, 
Dobbins, & Cabeza, 2006) have contended that this region of the right 
dorsolateral prefrontal cortex is involved in decision-making; specifically, that this 
region shows greater activity for trials in which there is greater response 
uncertainty.  This is certainly in line with our notions about the “No Data” trials in 
the current ex
sistent with an explanation in terms of association monitoring and 
verification.   
periment.   
This region is also the same region of the right dorsolateral 
prefrontal cortex reported in previous studies from Fletcher’s group (reported as 
Brodmann areas followed by Talairach and Tournoux  coordinates): BA 46; 44, 
36, 18 and BA 46; 42, 28, 22 (Turner et al., 2004), and BA 46; 38, 30, 15 (Corlett 
et al., 2004).  Although Turner et al. (2004) concluded that the right middle frontal 
gyrus tracks prediction error (i.e. is sensitive to violations of learned 
associations), and Corlett et al. (2004) concluded that this right middle frontal 
gyrus is sensitive to retrospective revaluation, the results from the current study 
are more con
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Fletcher et al. (2001) reported a decrease in activation in this region 
across an initial training phase, and renewed activation following violation of the 
learned associations.  The right middle frontal gyrus activation reported in the 
current study follows this pattern precisely, although the current study also tracks 
the change in activation following initial violation of the learned associations at 
the start of Phase 2, a pattern which was not reported in the Fletcher et al. (2001) 
study.  Given the pattern of activation in the right middle frontal gyrus, which 
showed a progressive decrease in activation for all conditions, both in Phase 1 
as well as in Phase 2, it seems more likely that this region is involved in the 
monitoring and verification of learned associations.  This is consistent with 
studies which suggest that the right dorsolateral prefrontal cortex (which includes 
the right middle frontal gyrus) is involved in monitoring and verification in memory 
tasks (Cabeza, Locantore, & Anderson, 2003; Lepage, 2004) and, more 
specifically, supports post-retrieval monitoring in recognition tasks (Rugg, 
Henson, & Robb, 2003; Achim & Lepage, 2005).  This would account for the 
progressive decrease in activation over the course of both Phase 1 and Phase 2 
found in this region.  Activation is high initially, when the associations at the start 
f each phase are novel, and decreases as the specific associations become 
nitoring is required. 
 
o
familiar and less mo
Caudate Activation 
Activity in the caudate showed greater activation for learning 
conditions than for non-learning conditions across Phase 1.  In addition, 
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activation for all learning conditions showed a decrease as Phase 1 progressed.  
Activity in the caudate during Phase 2 showed the same general trend as in 
Phase 1.   
ased learning, and decreases for well-learned cues as 
learning prog
 
nrewarding, and can account for the consistently lower activation in this region. 
Left Parahipp
Research has suggested that the caudate nucleus is one of the 
main loci for reward-based behavioural learning (Haruno et al., 2004), and that 
the caudate nucleus is involved in processing feedback (Seger and Cincotta, 
2005).  Further to this, at least one fMRI study (Delgado, Miller, Inati, & Phelps, 
2005) has reported that activity in the caudate nucleus is greater during the early 
phases of feedback-b
resses.   
This suggests that the caudate is more involved during the initial 
stages of trial and error learning, during which time the reinforcer would be more 
surprising, and can account for the pattern of caudate activation in the current 
study.  Caudate activity has also been demonstrated to be lower when 
performing a task without feedback (Tricomi et al., 2006).  The pattern of results 
for the non-learning conditions in the current study is consistent with this finding.  
For the non-learning conditions, the feedback is less informative (“No Data”) and
u
 
ocampal Gyrus Activation 
In the left parahippocampal gyrus, activation for learning conditions 
remained high (although there was a decrease for all conditions in Phase 2), 
whereas activation for non-learning conditions showed a sharp decrease.  Some 
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researchers have suggested that the parahippocampal region is activated in 
response to associative encoding as well as to associative retrieval specifically 
(e.g. Pihlajamäki et al., 2003; Achim et al., 2007), as opposed to encoding and 
retrieval processes in general.  The pattern of results reported for this region in 
the current study is in line with this finding; activity in the left parahippocampal 
gyrus is consistently higher for the learning conditions, in which there are 
associated cues and outcomes to recall (or retrieve) on every trial.  The initially 
high activity in the non-learning conditions can be attributed to associative 
encoding between the stimuli making up the compound cue; activity is much 
reduced for the subsequent runs because the associations have been learned 





In the left hippocampus, activation decreased across Phase 1 for 
the non-learning conditions, but activation for the learning conditions was 
remained consistently higher.  Research has indicated that the hippocampus 
plays a role in associative encoding (e.g. Davachi 2006; Staresina & Davachi, 
2008) and retrieval (e.g. Eldridge et al., 2000; Pihlajamäki et al., 2003), and the 
pattern of activation reported in the current study could be attributed to these 
roles.  Activation is consistently higher for learning conditions due to associative 
encoding and retrieval processing on each trial.  Activation is lower overall for the 
non-learning conditions as only within-cue-compound associations are learned. 
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Activity in the left hippocampus was also notable in Phase 2, but 
was quite different from Phase 1.  Activation decreased for all conditions except 
for condition G.  Instead, activation in the left hippocampus remained consistently 
high for condition G in the earlier half of Phase 2 and in the later half of Phase 2.  
Given that condition G successfully evoked mediated conditioning, as reported in 
the behavioural results, it might be tempting to conclude that the left 
hippocampus was sensitive to mediated conditioning.  However, because 
condition G in the current study involved other associative learning components 
besides mediated conditioning, the increased activation cannot be decisively 
attributed to mediated conditioning. For example, condition G was also expected 
to evoke backward blocking, and the higher activation reported here could be 
due to increa
nsitive to mediated conditioning because of the complexity of 
sed associative encoding and retrieval processes engaged as a 
result of this additional component.  
In summary, Experiment 2 identified some regions in the brain 
involved in associative learning in general, and suggested a role for the right 
middle frontal gyrus which is less specific to retrospective revaluation than some 
of the previous literature has contended.  However, based on the results from the 
current study it cannot be conclusively determined if the associative learning 
phenomena of retrospective revaluation and mediated conditioning involve 
different neural correlates.  Although mediated conditioning appeared to evoke 
greater activation in the left hippocampus, it would be premature to conclude that 
this region is se
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condition G.  Further studies will need to be conducted in order to disambiguate 
ese findings.   th
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6.                General Discussion 
 
Discussion of findings and limitations  
It has been the intention of this thesis to investigate the associative learning 
phenomena of retrospective revaluation and mediated conditioning.  Although 
retrospective 
t arose because each effect was observed only in one 
experiment (i
revaluation has been demonstrated primarily in humans, and 
mediated conditioning has been found mostly in experiments with animals, more 
recent publications suggest that species differences are not the likely factor to 
determine whether retrospective revaluation or mediated conditioning will be 
observed.  In fact, Experiment 1 of this thesis shows categorically that species 
differences cannot explain such differences.  Other possible reasons discussed 
for the conflicting findings of retrospective revaluation and mediated conditioning 
included differences tha
.e. never simultaneously in the same experiment).  However, such 
explanations are also discounted by Experiment 1 of this thesis.     
The results from Experiment 1 categorically demonstrated that it 
was possible to obtain both retrospective revaluation as well as mediated 
conditioning with human participants.  Although Dwyer (2003) reported both 
effects in rats (across separate studies but using very similar paradigms), 
retrospective revaluation and mediated conditioning have not previously been 
demonstrated with human participants within the same experiment (but see 
Liljeholm and Balleine, in press).  Further to this, Experiment 1 also 
demonstrated that it was possible to obtain both retrospective revaluation 
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(specifically, backward blocking) as well as mediated conditioning within the 
same stimulus compound.  These findings are of particular interest in light of the 
current lack of clarity in the associative learning literature concerning the 
conditions under which retrospective revaluation and mediated conditioning 
d theoretically be similar in that both take a CS (that was paired in 
Phase 1 with
arise.  
However, the mechanisms resulting in the specific directionality of 
the mediated conditioning finding could not be unequivocally established with the 
current paradigm (although an associative chaining explanation was discounted), 
and further work would be required in order to disambiguate this finding.  This 
should not however take too much away from the key findings of Experiment 1, 
and in fact serves to further illustrate the point that the current lack of clarity in 
the literature is in no small part due to the complexity of assessing associative 
learning phenomena.   
It is notable that the CD→+2/C→”No Allergy” and GH→+4/G→+5 
conditions coul
 a particular allergic reaction) and present it with a novel outcome in 
Phase 2.  Of course, a “No Allergy” outcome may be treated differently from an 
allergic reaction outcome at face value.  Indeed, the behavioural results indicated 
that participants treated the “No Allergy” and Allergic Reaction 5 outcomes 
differently.  This serves to highlight the point that the perceptions of participants 
play an important role in associative learning.  The inherent as well as the 
subjective properties of the stimuli chosen as cues and outcomes can matter a 
great deal with respect to the associations formed, and particular care should be 
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taken with the choice of stimuli (e.g. whether to use “No Allergy” or “No Data” as 
the outcome for baseline conditions – see also later discussion) in associative 
learning experiments.   
The results from Experiment 2 suggested that the left hippocampus 
might be selectively involved in mediated conditioning.  Unfortunately, no definite 
conclusion can be made regarding this possibility due to the fact that condition G 
was aimed at attempting to evoke both retrospective revaluation and mediated 
conditioning in the same stimulus compound, and hence the increased activation 
in this region might not be due specifically to mediated conditioning.  However, it 
does suggest that the hippocampus is one brain region which is deserving of 
further investigation regarding the specific role it might play in associative 
learning.  Experiment 2 also suggested that the right middle frontal gyrus might 
play a more general, post-retrieval monitoring role in associative learning, and a 
less specific role in retrospective revaluation than previously contended by some 
researchers.   
Although the Turner et al. (2004) study reported greater activation 
in right middle frontal gyrus positively correlating with the magnitude of 
behavioural change, it seems plausible that this activation could be due to the 
role of the right middle frontal gyrus in support of post-retrieval monitoring in 
recognition tasks, and not due to any specific role of this region in detecting 
prediction error.  Greater activation in this region might be suggestive of greater 
engagement of monitoring and verification processes, which could mean that 
participants showing greater activation in this area were more successful in 
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monitoring and verifying the changes in the learned associations, which 
subsequently resulted in greater behavioural change.   
While the Corlett et al. (2004) study reported increased right middle 
frontal gyrus 
 Experiment 2.  Firstly, Experiment 2 tracked changes in 
activation acr
activation specific to retrospective revaluation, Experiment 2 did not 
find such increased activation.  Instead, the right middle frontal gyrus showed a 
progressive decrease in activation across Phase 1, an initially high activation at 
the start of Phase 2, followed by a progressive decrease across Phase 2, for 
both learning and non-learning conditions.  There are two major differences in 
methodology between the Corlett et al. (2004) study and Experiment 2 of this 
thesis which could help to account for the differences between the Corlett et al. 
(2004) study and
oss the experiment as the participants were first exposed to the 
new associations in Phase 2 and then learned and updated their expectations 
accordingly.  This allowed for a more detailed examination of the activation 
profile of the right middle frontal gyrus as learning progressed, whereas the 
Corlett et al. (2004) study reported greater overall activation in response to 
retrospective revaluation.  The results obtained in Experiment 2 might be 
consistent with this finding, save for the fact that Experiment 2 tracked activation 
across the experiment.  Secondly, although the design of Experiment 2 was very 
complex, this complexity allowed for the inclusion of the IJ and KL conditions, 
which were used in the fMRI analysis to control for the surprising presentation of 
a single stimulus and retrieval of within-compound associations in Phase 2, as 
well as to control for the presentation of a novel outcome in Phase 2.  The Corlett 
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et al. (2004) study used a consistent food-no allergy control throughout the 
experiment, which did not serve as an ideal control for outcome novelty of their 
retrospective revaluation conditions. 
Experiment 2 did not test for prediction error as the Corlett et al. 
(2004) study did because their study included a third stage; for example in their 
study an alle
gard to the multiple different outcomes.  Many associative learning studies in 
 associations as outcomes – “Allergy” or “No Allergy”.  
rgy was paired with a food at Stage 2 and then this food was 
presented with no allergy at Stage 3.  Their design meant that no re-evaluative 
processes were taking place between Stage 2 and Stage 3, whereas in 
Experiment 2 there were always remembered but not presented stimuli.  
Therefore, it was not possible to isolate activations due solely to prediction error 
in Experiment 2.  
The complexity of the design in Experiment 2 had one distinct 
advantage however: it required participants to make multiple concurrent 
discriminations for both cues and outcomes.  This was novel, especially with 
re
the past have used binary
Although the usage of six different allergic outcomes, plus “No Allergy” and “No 
Data” outcomes in Experiment 2 made the design very complicated, it is arguably 
a more ecologically valid design.  People do not generally make associations 
based on binary possibilities in real life.  The complexity of the design in 
Experiment 2 could also help to account for some of the activations reported, 
particularly the regions involved in associative encoding and retrieval (left 
hippocampus and left parahippocampus), but which are missing from other 
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associative learning studies (e.g. Corlett et al., 2004).  It seems likely that greater 
engagement of these areas would be involved in discerning between which of 
many possible distinct outcomes matched the presented cue, compared to 
previous studies which generally only required remembering whether the 
outcome was a non-specific allergic reaction or no reaction. 
However, while the design used in Experiment 2 served the aims of 
this thesis, the specificity of the cue-outcome associations in Phase 2 of this 
design mean
Possible futur
t that the data could not be used to investigate broader changes in 
activation patterns due to changes in associative learning in Phase 2.  In 
addition, attempting to simultaneously evoke both retrospective revaluation and 
mediated conditioning effects in a single experimental condition does hold the 
potential to complicate both behavioural and neuroimaging analyses, and 
highlights the important point that care should be taken to balance both the 
demands of the behavioural paradigm as well as the neuroimaging requirements. 
 
e directions 
Based on the results from the current study, it cannot be conclusively determined 
if the associative learning phenomena of retrospective revaluation and mediated 
conditioning involve different neural correlates.  Although mediated conditioning 
appeared to evoke greater activation in the left hippocampus, it would be 
premature to conclude that this region is sensitive to mediated conditioning 
because of the complexity of condition G.  Because the mediated conditioning 
(GH→+4/G→+5) condition in the current experiments was aimed at attempting to 
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evoke retrospective revaluation and mediated conditioning in the same stimulus 
compound, the increased activation in the left hippocampus might have been due 
to increased task demands from this condition, and not from mediated 
conditioning per se.  Further studies will need to be conducted in order to 
disambiguate these findings, for instance including a “pure” mediated 
conditioning condition which does not simultaneously evoke other associative 
learning processes.   
In addition, future experiments might utilize conditions consistently 
paired with “No Data” (e.g. KL→”No Data”/K→”No Data” in Experiment 2) as well 
as conditions consistently paired with “No Allergy” simultaneously in order to 
clarify how participants treat these conditions, in terms of behavioural and 
neuroimaging findings.  It seems likely that the two are not perceived by 
participants as being the same thing, and understanding the differences between 
these two types of control conditions might help to account for the different 
findings from Corlett et al. (2004) and Experiment 2 reported in this thesis. 
One other possibility was mentioned in the literature review but was 
not investigated in this thesis; that the discriminability between the cues used in 
an experimental paradigm might affect whether retrospective revaluation or 
mediated conditioning was found.  The experimental paradigm used in both 
experiments in this thesis was designed to test if it were possible to evoke both 
retrospective revaluation and mediated conditioning in human participants and 
within the same experimental paradigm.  It was decided that attempting to 
investigate this last possibility would result in the (already complicated) 
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experimental paradigm becoming too cumbersome, and might contaminate the 
results due to factors such as participant fatigue.  As such, an investigation into 
this possibility was not carried out in this thesis.  However, the results from 
Experiment 1 suggest that this possibility might be worthy of further investigation, 
given the finding of mediated conditioning between (arguably) low discriminability 
n the nature of the 
ssociatively evoked stimulu presentation (whether it is a conditioned 
stimulus; CS or an unconditioned stimulus; US) can at least in part determine 
whether backward blocking or mediated conditioning emerges.  Notably, 
mediated conditioning involves ation of what is presumably a US 
representation (although this distinction is not entirely clear in Holland’s 1983 
paper), whereas backward blocking involves t
ence of Allergic Reaction 5 (a “US” in 
A1), resulting in a decrease in their association (the direction of associative 
change analogous with backward blocking).  At the same time, G would have 
allergic reactions and retrospective revaluation between more distinctive foods.   
A final possibility is that the difference betwee
a s re
 the evoc
he evocation of a CS 
representation.  Mediated conditioning (Holland, 1983) suggests the formation of 
an excitatory association between the representation of the absent US (A2 state, 
as defined by Wagner, 1981) and the presented US (A1 state).  On the other 
hand, retrospective revaluation (Dickinson & Burke, 1996) suggests that in 
backward blocking, an inhibitory association forms between the absent CS (A2 
state) and the presented US (A1 state).  In the experiments conducted in this 
paper, Phase 2 G→+5 trials would have allowed Food H (a “CS” in A2 state) to 
become associatively activated in the pres
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associatively activated Allergic Reaction 4 (a “US” in A2) in the presence of 
Allergic Reaction 5 (a “US” in A1), resulting in an increase in their association (an 
associative change analogous with mediated conditioning).  These associations 
are depicted in Figure 19.   
lines represent presented stimuli and explicit associations while dashed lines depict evoked 
stimuli and implicit associative changes.  An inhibitory association (backward blocking) forms 
between the evoked representation of H and Allergy 5 (       ), and an excitatory association 





Thus, backward blocking was observed when a CS became 
associatively activated (A2) in the presence of a US (A1).  Conversely, mediated 
conditioning was observed when a US became associatively activated in the 
Figure 19.  A diagrammatic representation of the associative changes in the G+ condition.  Solid 
presence of a
 CS US 
 
nother US.  The natures of the stimuli between which associations 
are being modified could therefore to be important in determining the direction of 
the associative changes observed, in addition to the representational states (A1 
or A2) the stimuli are in.  During backward blocking, associations decrease 
between a CS and US, whereas during mediated conditioning, associations 
increase between one US and another. 
Although there had been little progress made with regard to 
reconciling retrospective revaluation and mediated conditioning in the past, 
ALLERGY 5  A1 G
ALLERGY 4 H A2 
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recent years have seen at least several researchers devoting entire papers to 
discussing factors which might affect whether retrospective revaluation or 
mediated conditioning occurs (e.g. Dwyer, 1999; Dwyer, 2001; Dwyer, 2003; 
Liljeholm and Balleine, 2006).  These studies have reported that factors such as 
the procedural differences in the experimental paradigm (e.g. Shevill and Hall, 
2004) or the distinctiveness of the cues used in the experiment (e.g. Balleine et 
al., 2005) play an important role in determining whether retrospective revaluation 
or mediated conditioning emerges in an experiment.  Retrospective revaluation 
and mediated conditioning have been demonstrated in rats across a series of 
similar experiments (Dwyer, 1999; Dwyer, 2001), and most recently both 
phenomena have been obtained within the same experiment (but in different 
groups of participants) in humans (Liljeholm and Balleine, in press).  The 
experiments reported in this thesis advance this area of the literature by 
demonstrating that, at least in humans, it is possible to evoke both retrospective 
revaluation and mediated conditioning within the same stimulus compound.   
Particularly in humans, perhaps the motivational significance of the 
stimuli used as cues and outcomes, the perceptions of whether a stimulus is a 
cause or effect, a food or allergic reaction, or even if a stimulus is considered to 
be a member of the same or of a different category, might matter in the 
associative outcomes reported by participants.  If the earliest associative learning 
studies can be considered the “initial wave”, and the more recent experiments 
discussing the factors affecting retrospective revaluation and mediated 
conditioning are the “second wave”, then what the associative learning literature 
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needs next is a “third wave” of stu g in depth the specific properties 
reval
affec
have useful real-world applications.  For instance, companies might be able to 
asso
asso ake a competitor’s product 
unde st 
asso
phob uld certainly be of benefit to pursue 
resea
dies examinin
of stimuli used as cues and outcomes in studies investigating retrospective 
uation and mediated conditioning.  Understanding how such properties 
t whether retrospective revaluation or mediated conditioning arises could 
use such information to attract consumers to a new product by positively 
ciating the new product with popular existing products (or perhaps by 
ciating the new product with the qualities which m
more successful).  The treatment of phobias might also be advanced by a deeper 
rstanding of how associations can be modified.  If we can learn how to be
weaken the link between the object or situation which causes the phobia, and the 
ciated fear, it might be possible to develop more effective treatments for 
ias.  With such applications in mind, it wo
further experiments in this exciting but complex area of associative learning 
rch. 
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